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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

EERFORMANCE OF PURE FUELS IN A SINGLE J33 COMBUSTOR 
I - FIVE LIQUID HYDROCARBON FUELS 
By Jerrold D. "Near and Ralph. T. Dittrich. 


SUMMARY 

Investigations of several pure hydrocarbon fuels -were conducted in 
a single tubular -type combustor in order to determine possible relations 
between combustor performance and fuel properties. The combustor tem- 
perature rise, combustion efficiency, and blow-out limits were determined 
with five liquid hydrocarbon fuels of high purity over a range of heat 
input and air -flow rates and at two inlet-air -temperature conditions. 

The fuels were isooctane, cyclohexane, methylcyclohexane, n-heptane, 
and benzene. Performance parameters were selected to compare with the 
physical and fundamental combustion properties of the fuel. 

The general performance order among the fuels was : benzene highest ; 

isooctane lowest; cyclohexane, methylcyclohexane, and n-heptane inter- 
mediate. Of the several fuel properties considered, maximum burning 
velocity best correlated with fuel performance, indicating an approxi- 
mately linear increase in the performance of the fuels with an increase 
in burning velocity. For the various test conditions investigated, the 
maximum combustor temperature rise and the combustion efficiencies 
increased by 230° to 400° F and 2 to 17 percent for an increase in max- 
imum-burning velocity from 34.6 to 40.7 centimeters per second. 


INTRODUCTION 

Research is being conducted at the NACA Lewis laboratory to deter- 
mine possible design parameters for improving the performance of tur- 
bojet engines. One phase of the over -all program is concerned with 
improving combustion efficiency and the altitude combustion blow-out 
l imi ts of the combustor. Investigations of this phase of the research 
included systematic changes in combustor design and performance evalua- 
tions of various types of fuels. Results of some of these investigations 
are summarized in reference 1. These studies were concerned primarily 
with over -all effects on performance ; that is, they did not attempt to 
describe combustion inefficiency and blow-out in terms of basic processes 
which take place within the combustor. Knowledge of the importance of 
each of the several basic processes in establishing over-all combustor 
performance would assist materially in a rational approach to design 
improvements and fuel selection. 
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One study of the role of individual processes such as fuel atomiza- 
tion, evaporation, mixing, and combustion was conducted in reference 2. 
Oxygen concentration of the inlet oxygen-nitrogen mixture was varied to 
alter the combustion reaction without appreciably affecting other 
processes. The data indicated reasonable correlations with a reaction- 
mechanism factor. The data also correlated with fundamental conib ustion 
properties such as maximum burning velocity and .minimum ignition energy. 

Another approach to the problem of determining the role of funda- 
mental combustion properties in establishing combustor performance is 
the use of fuel variables. Thus, the fundamental combustion character - 
istics that may influence combustion can be varied by varying fuel type. 
Use of pure fuels for which the various fundamental combustion properties 
are known would be desirable for any investigation that was concerned 
with the combustion mechanism. A number of investigations have been 
conducted with pure fuels for which fundamental combustion data are avail- 
able. Data obtained by the Ethyl Corporaton show a relation between 
effective flame speed and laminar flame speed for several liquid and 
gaseous fuels in a small-scale combustor. The effective flame speed was 
considered as the maximum velocity of primary air required to cause lean 
blow-out at any fuel-air ratio. Rogers (reference 3) shows data with a 
reasonable c correlation between .combustion efficiency at rich blow-out 
and relative flame speed. Data reported in reference 4 show a relation 
between maximum stable temperature rise, octane number, and refractive 
index. 

Investigations are being conducted at the NACA Lewis laboratory to 
study in more detail possible relations between physical and fundamental 
combustion properties of relatively pure fuels and full-scale single- 
combustor performance. The combustor performance data reported herein 
were obtained with five fuels, each representative of a particular class 
of hydrocarbons. The fuels were relatively pure, were available in 
sufficient quantities, and had self -consistent sets of fundamental com- 
bustion data available. In order to minimize effects of variations in 
fuel evaporation rates on the combustion process, fuels having similar 
boiling temperatures were selected. In addition, to minimize effects 
of variations in fuel atomization and mixing o n the combustion process, 
a variable-area fuel nozzle was used. This type of nozzle permitted 
large changes in fuel-flow rates with small changes in fuel-nozzle 
pressure. The combustor test conditions included one inlet-air pressure, 
two inlet-air temperatures, and four rates of inlet-air mass flow. The 
inlet-air pressure condition was sufficiently low to be considered 
severe from the standpoint of combustion. The two inlet-air temperatures 
differed by 160° E. The air -flow rate was varied by more than 100 per- 
cent, which enabled the investigations to be conducted at inlet condi- 
tions which covered a considerable range of severity. 



NACA EM E52J03 


3 


The fundamental combustion properties considered were maximum burn- 
ing velocity, minimum ignition energy, spontaneous ignition temperature, 
and flammability range. The combustor performance parameters used -to 
compare the fuels were maximum combustor temperature rise, combustion 
efficiency at a heat-input value of 325 Btu per pound of air, and com- 
bustion efficiency at a combustor -temperature-rise value of 830° F. 
Relations between the fundamental combustion properties and the com- 
bustor performance parameters are described. 


FUELS 

i 

Laboratory inspection data of the fuels used in the investigation 
are presented in table I. It was desired that these fuels have purities 
in excess of 95 mole percent. Comparisons of the laboratory inspection 
data with physical data for pure fuels (values taken from the literature 
and included in table I) indicate that the purities of all the test fuels 
except cyclohexane were above 95 mole percent. The purity of cyclohexane 
was about 92 mole percent. 

Self-consistent sets of some fundamental combustion data of these 
fuels are also included in the table. The flammability -range data were 
obtained with samples of the same fuels used for the data reported 
herein. 


APPARATUS AMD INSTRUMENTATION 

A diagram of the general arrangement of the J33 single combustor 
and the auxiliary equipment is shown in figure 1. Air flow to the com- 
bustor was measured by a square-edged orifice plate installed according 
to A.S.M.E. specifications and located upstream of all regulating valves. 
The combustor-inlet-air temperature was regulated by use of electric 
heaters. The combustor-inlet-air quantities and pressures were regulated 
by remote-controlled valves in the laboratory air -supply and exhaust 
systems. The combustion air supplied to the combustor had a dew point 
of either -20° or -70° F. 

A diagrammatic cross-section showing the combustor and its auxiliary 
ducting, the position of instrumentation planes, and the location of 
temperature- and pres sure -measuring instruments in the instrumentation 
planes is presented in figure 2. Thermocouples and total-pressure tubes 
in each instrumentation plane were located at centers of equal areas. 
Construction details of the temperature- and pressure-measuring instru- 
ments are shown in figure 3. 
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Fuel-flow rates to the combustor were measured by rotameters cali- 
brated for each fuel. Pressure and temperature data were obtained by 
means of manometers and automatic -balancing potentiometers , respectively. 

The test conditions used for the investigations reported herein 
required large variations in fuel-flow rates. Under these conditions 
the use of a constant-area fuel nozzle would require a very wide range 
in fuel-nozzle pressure drop (fig. 4) . Large changes in spray character- 
istics accompany large changes in fuel-nozzle pressure drop. For this 
reason, a variable-area fuel nozzle with a pressure-flow curve similar 
to that presented in figure 4 was used in this investigation to minimize 
the pressure changes with change in fuel-flow rate.’ 

A diagrammatic cross-section of the fuel nozzle is shown in fig- 
ure 5. Fuel enters the nozzle body and into channels that feed individ- 
ual tangential- slots in the swirl plate. The fuel flows through these 
slots into a constant-size swirl chamber and is then ejected through 
the orifice. For very low rates of fuel flow, the fuel travels through 
two small passageways feeding two tangential slots on the downstream 
face of the swirl plate. As more fuel is required, the piston moves and 
uncovers entrances to additional channels which lead to other tangential 
slots on the upstream face of the swirl plate. This permits large 
changes in fuel-flow rate with small change in pressure drop across the 
swirl plate. After all tangential slots are in use, the nozzle acts as 
a constant-area type (see high-flow region of curve, fig. 4). 


PROCEDURE 

The combustion performance of the fuels was determined at the 
following inlet-air conditions : 


Inlet-air 
total 
pressure 
(in. Hg abs) 

Inlet -air 
mass flaw 
(lb/sec) 

Inlet-air velocity 3, 
(ft/sec) 

Inlet-air total 
temperature 

(°p) 



40 

200 

14.3 

0.6 

61 

81 

14.3 

0.8 

81 

107 

14.3 

1.0 

101 

134 

14.3 

1.3 

133 

178 


^ased on combustor maximum cross-sectional area of 

0.267 sq ft measured 12-i inches downstream of section B-B 
(fig. 2). 
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The desired combustor inlet -air test conditions were established at a 
low fuel-flow rate (about 200° F eombustor -temperature rise) and data 
recorded when conditions were stabilized. Fuel flow was increased to 
obtain increments in combustor-temperature rise of about 100° F. This 
procedure was continued until rich blow-out occurred. After the rich 
blow-out was checked., the fuel-flow rate was decreased to two or three 
different values and the data recorded. No lean blow-out data were 
obtained. The ignition plug was de-energized during operation. 

At some inlet conditions the performance differences between fuels 
were small. In order to determine if these differences were significant 
or within experimental error, data were obtained to establish the degree 
of repeatability. One fuel, isooctane, was used as a check fuel, and 
data were obtained with this fuel before and after investigations of 
each of the other fuels. 


CALCULATIONS 


Comb us tor -temperature rise . - The combustor -temperature rise was 
determined as the increase in gas temperature from section B-B to C-C, 
figure 2-. The temperature at B-B was the average indication of the two 
iron-constantan thermocouples; the temperature at C-C was the arithmeti- 
cal average indication of the 16 chromel-alumel thermocouples. The 
indicated thermocouple readings were accepted as true values of the 
total temperature. 


Combustion efficiency. - Combustion efficiency was defined as : 


actual enthalpy rise across combustor 
heat ing value of fuel supplied 

The equation used for determining' combustion efficiency % 
percent was as follows : 

‘^2 


in 


% 


w ; * -a 

F/A X h c 


X 100 


vhere 

f/a 


increase in enthalpy of air from combustor-inlet tempera- 
ture t-j_ to comibustor-outlet temperature tg, Btu/lb 


actual fuel-air ratio 
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enthalpy correction accounting for change in gaB composi- 
tion due to burning of oxygen, Btu/lb 

lower heating value of fuel, Btu/lb 

Charts presented in reference 5 and in figure 6 were used to deter- 
mine the enthalpy rise across the combustor; heating values of the fuels 
are presented in table I (lower heat of combustion). 

The inlet-air total-pressure values were obtained from the 12 total- 
pressure tubes (section A-A, fig. 2) which were connected to a single 
manifold. 

In order to place the performance of the various fuels on a com- 
parable basis, heat input (product of fuel-air ratio and lower heat of 
combustion of the fuel) was used in place of fuel-air ratio as one 
independent variable. 


RESULTS AND DISCUSSION 

Combustor temperature rise, combustion efficiency, and rich blow- 
out data obtained with five hydrocarbon fuels in a single J33 combustor 
are presented in table II. Relations among heat input, combustor tem- 
perature rise, and combustion efficiency for each of the fuels inves- 
tigated at each of the various operating conditions are shown in fig- 
ures 7 to 11. The curves of constant combustion efficiency were deter- 
mined for each fuel. 

The repeatability of the performance data is indicated in figure 7. 
Combustor temperature rise, combustion efficiency, and heat- input data 
were obtained with isooctane fuel before and after each test. These 
data were obtained over a period of 4 months, during which time the 
combustor was disassembled several times. The average percentage devia- 
tion of the combustion efficiency of individual data points from the 
curves faired through all data was about dsL percent. Differences in the 
combustion efficiency data of more than 2 percent between fuels can thus 
normally be considered as real differences, while differences less than 
2 percent fall within the repeatability range. 

The data obtained with isooctane (fig. 7) show, in general, an 
increase in temperature rise and combustion efficiency with an increase 
in heat input. Continued increases in heat input, however, resulted in 
rich blow-out of the flame. Rich blow-out points as shown could be 
checked closely at the time they were obtained; however, after a period 
of’ intervening tests a repeat rich blow-out point might vary considerably, 
on the heat-input scale, from a previously determined point. At some 
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inlet conditions the maximum temperature rise was obtained at the rich 
blow-out point, and at other conditions the maximum temperature rise was 
obtained at a lower value of heat input than that required for rich blow- 
out. The combustion efficiencies at rich blow-out were considerably 
below their maximum values. The highest combustor temperature rise and 
combustion efficiency observed were about 1420° F and 88 percent, 
respectively, and were obtained at a low inlet -air mass flow. The max- 
imum heat-input values at the rich blow-out points decreased, in general, 
with an increase in air flow and with decrease in air temperature at 
constant inlet velocity. 

The data obtained with cyclohexane (fig. 8), methylcyclohexane 
(fig. 9), n-heptane (fig- 10), and benzene (fig. ll) exh ibited the same 
general trends as were noted for isooctane. The differences in actual 
values of temperature rise and combustion efficiency are compared in 
later figures. In the case of n-heptane, an exception to the general 
trend was noted at the lowest air -flow conditions. The temperature rise 
and combustion efficiency values obtained over a part of the heat 
input range were lower than values obtained at higher air flows. This 
anomaly was not obtained with any of the other fuels. Another excep- 
tion to the general trend of the fuel data was the benzene data 
obtained at the higher air temperature and highest-air-flow condition 
(fig. 11(a)). At these conditions much more scatter in the data was 
observed than was observed with any of the other fuels at any of the 
inlet -air conditions. 


Combustor Performance Parameters 

The objective of the investigations reported herein is to relate 
the combustor performance of various fuels to physical or fundamental 
combustion characteristics of the fuels. Three representative combustor 
performance parameters were chosen for making comparisons among the 
fuels. The first parameter chosen was maximum temperature rise, which 
is related to the altitude operational limits of the turbojet engine. 

The two other parameters were combustion efficiency at a specific heat- 
input value of 325 Btu per pound of air and combustion efficiency at a 
specific temperature-rise value of 830° F. The latter performance 
parameters are related to the fuel consumption of the engine. The 
values of 325 Btu and 830° F are approximate average values correspond- 
ing to engine cruise operation. 

Maximum, temperature rise . - A comparison of the maximum temperature 
rise obtained with each fuel over the range of combustor operating con- 
ditions is presented in figure 12. At all conditions investigated, 
benzene fuel provided the highest values of maximum temperature rise 
and isooctane the lowest values. The differences between isooctane and 
benzene varied from 270° to 400° F for comparable conditions. The 
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maximum temperature-rise values _ obtained with the three remaining fuels 
(cyclohexane, methylcyclohexane, and n-heptane) were similar and Were . 
between those obtained with benzene and with isooctane. The fuel flow 
rate required to obtain the maximum combustor -temperature -rise data was 
beyond the variable-area characteristic of the fuel nozzle (fig. 4) . 

Combustion efficiency at heat -input value of 325 Btu per pound of 
air . - A comparison of the combustion efficiency at a constant heat-input 
value of 325 Btu per pound of air obtained with each fuel over the range 
of combustor operating conditions is presented in figure 13. At the 
high inlet -air temperature the trends observed among the fuels were 
similar to those noted in figure 12; that is, the highest efficiency was 
obtained with benzene and the lowest, in general, with isooctane. As a 
result of the Irregular trends noted in figure 10 for n-heptane, this 
fuel exhibited reduced efficiency at the lowest air flow rate investi- 
gated. This result is further amplified at the lower inlet-air- 
teuxperature condition where n-heptane has the lowest efficiency of the 
fuels at low air flow rate, and the highest efficiency at high air flow' 
rate. The differences in efficiency among the fuels varied from about 
2 to 18 percent at the different conditions • . The difference between 
benzene and isooctane was. more nearly constant with air ~f low in figure 12 
(maximum -temperature -rise parameter) than shown in figure 13, where the 
difference increased, in general, with air mass flow. 

Combustion efficiency at a temperature rise of 850° F . - Comparison 
of the combustion efficiency at a temperature-rise value of 830° F 
obtained with each fuel over the range of combustor operating conditions 
is presented in figure 14. Benzene was the only fuel that gave 
temperature-rise values as high as 830° F at the high-air-flow condi- 
tion. At the high inlet-air temperature, benzene provided the highest 
values of combustion efficiency. The same general trends for n-heptane 
were obtained as were shown in figure 13; that is, the n-heptane values 
were the lowest of all the fuels at low air flow rates, and tended to 
become the highest at the higher air flow rates. With the exception of 
n-heptane the values obtained with isooctane were the lowest at all con- 
ditions. The differences in efficiency among the fuels varied from 
about 3 to 9 percent at the various conditions. 

General observations . - Considering all performance parameters, the 
highest performance was obtained with benzene and the lowest with 
isooctane. The performance values obtained with cyclohexane, methylcyclo- 
hexane, and n-heptane were intermediate and were very similar, in 
general. Exceptions to. these trends were obtained with the two different 
efficiency parameters at the 40° F inlet-air temperature.' At these 
conditions the combustion efficiency of n-heptane followed a unique 
trend; at low air mass flow its efficiency was lowest among the fuels, 
and at high air mass flow it was the highest. 
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Comparisons of Combustor Performance Parameters with Physical 
and Fundamental Combustion Fuel Properties 

Physical fuel properties , - Some physical properties of a fuel 
which may he considered to have possible effects on the combustion pro- 
cess are (1) boiling point, (2) latent heat of vaporization, and (3) 
heat content at the spontaneous ignition temperature, Thun, an increase 
in any one of these particular properties may be expected to decrease 
the rate of fuel evaporation and may retard the over -all combustion pro- 
cess, Comparisons of these properties (table i) with the general per- 
formance levels of the fuels described in the preceding section, how- 
ever, indicate that none would predict the relative performance trends 
obtained. In the case of the latent heat of vaporization, a possible 
trend was indicated; however, it was opposite of that expected. Since 
the fuels were chosen at least in part to minimize variations in evapora- 
tion rate, the variations in these properties are intentionally small. 

Fundamental combustion fuel properties . - Some fundamental combus- 
tion properties of fuels which may be considered to have possible effects 
on the combustion process are (l) maximum burning velocity or maximum 
fundamental flame speed, (2) m l n imum ignition energy, (3) spontaneous 
ignition temperature , and (4) flammability range. Thus, any increase in 
burning velocity or widening of flammability range, or a decrease in 
mini mum ignition energy or spontaneous ignition temperature may be 
expected to effect increases in the rate of the combustion process. 
Considering the most consistent "highest" and "lowest" performance fuels, 
which were benzene and isooctane, respectively. It is noted that values 
of maximum burning velocity and minimum ignition energy (table I) 
qualitatively follow the performance trends of these two fuels. Both 
fundamental flame speed and minimum ignition energy have been used to 
correlate combustion performance of fuels in previous investigations 
(data by Ethyl Corporation and reference 6). The values of spontaneous 
ignition temperature and flammability range for the fuels do not follow 
the same order as the combustor performance of the fuels; benzene has 
the highest spontaneous ignition, temperature and the lowest flammability 
range of the fuels investigated and would therefore be expected to give 
the lowest performance. 

A further comparison indicates that the combustor performance of 
■cyclohexane, methylcyclohex&ne , and n-heptane were, in general, similar. 
While the mp.yl mum burning velocities for these fuels are similar, the 
minimum ignition energy values for cyclohexane and n-heptane vary con- 
siderably, although no minimum ignition energy data for methylcyclohexane 
were available. From the preceding discussion it appears that, of the 
fuel properties considered, burning velocity will best correlate with 
combustor performance. 
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The relations between maximum burning velocity and the selected 
fuel performance parameters of figures 12, 13, and 14 are presented in 
figures 15, 16, and 17, respectively. Figure 15 shows the relation 
between maximum combustor temperature rise and maximum burning velo- 
city for the various inlet-air mass flows and two inlet-air tempera- 
tures. Five of the eight different inlet-air conditions show a regular 
increase in performance with increase in burning velocity; the remain- 
ing three inl et -air conditions show a general but less regular increase. 
The may -l mum combustor -temperature -rise values increased from 230° to 
400° F for an increase in maximum burning velocity from 34.6 to 
40-7 centimeters per second. 

Combustion efficiency at a heat-input value of 325 Btu per pound of 
air is plotted in figure 16 against maximum burning velocity for the 
four rates of inlet-air flow and two inlet -air temperatures. The reg- 
ular increase in performance with burning velocity is not so pronounced 
with this combustor parameter as with the maxi mum -temperature -rise 
parameter. Values of the combustor parameter obtained at three of the 
inlet conditions show a regular increase in performance with increase 
in burning velocity and at the other five conditions a somewhat general 
increase. The values obtained with n-heptane (burning velocity of 
38.6 cm/sec) deviate most from the general trend of all the fuels. 
Increases in the combustion efficiency parameter varied from 2 to 17 per- 
cent for the Increase in burning velocity. 

The combustor performance parameter, combustion efficiency at a 
coni) us tor-temperature -rise value of 830° F, is plotted in figure 17 
against maximum burning velocity for various air flows and two inlet- - 
air temperatures. The trend of the data is similar to that presented 
in figure 16, except that the deviations of n-heptane values from the 
general trend of the fuel data are greater. The consistent deviation of 
the data obtained with n-heptane from the "general trend" indicates that 
controlling factors other than or in addition to burning velocity are 
needed for correlation. Of the six inlet conditions, only one has values 
that Bhow a regular increase in performance with increase in burning 
velocity. At other inlet conditions, a similar trend is evident but much 
less pronounced. Increases in this combustion efficiency parameter 
varied from 2 to 5 percent for the increase in burning velocity. 

It should be pointed out that the burning-velocity data used herein 
were obtained with fuel-air mixtures at room temperature. The order of 
maximum burning velocities among the fuels may differ at the elevated 
temperatures encountered in the combustor. 
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CONCLUDING REMARKS 

In order to determine possible relations between physical or fun- 
damental combustion properties of fuels, or both, and combustor perform- 
ance, investigations of several pure hydrocarbon fuels were conducted in 
a single tubular combustor. Combustor performance parameters which were 
considered to be significant in engine operation were (l) maximum com- 
bustor temperature rise, (2) combustion efficiency at a heat-input value 
of 325 Btu per pound of air, and (3) combustion efficiency at a conib us tor 
temperature rise of 830° F. The following general order of fuel per- 
formance was obtained from comparison of these parameters; benzene 
highest, isooctane lowest, with cyclohexane, methylcyclohexane and 
n-heptane intermediate. For the two combustion -efficiency parameters, 
the performance of n-heptane varied considerably from the general per- 
formance orders. For certain inlet conditions, the performance of 
n-heptane was either the highest or lowest of all the fuels. 

Of the several fuel properties considered, maximum burning velocity 
best correlated with the general performance of the fuels indicating an 
approximate linear increase in fuel performance with increase in burning 
velocity for the narrow range of burning velocities investigated. The 
combustor performance parameters of maximum temperature rise, efficiency 
at a heat-input value of 325 Btu per pound of air, and efficiency at a 
temperature-rise value of 830° F were increased by 230° to 400° F, 2 to 
17 percent, and 2 to 5 percent, respectively, for the increase in max- 
imum burning velocity of the fuels from 34.6 to 40.7 centimeters per 
second. 

I 

Conclusive relations between combustor performance and fuel prop- 
erties were not established in this investigation; such relations will 
require tests with fuels having wider ranges of properties. 


Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio 
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haat 

mm 

ignition 

tan- 

bility 


/e°°\ 

iudax 

po^t 

oarpqjj 

Of Ot»- 

of 

indax 

point 

boil- 

vapori- 

ta ntj 

(oanti- 

oarbon 

of 

bum- 

•narsy 

<Joulaa) 

«OUQ 

ranga 



at} 

ratio 

buatlcn 

parity 

(mola 

[7^7/ 

at 

(°F) 

ing 

sation 

77° F 

through 

pclito) 

ratio 

QOM- 

in* 

igni- 

(paroant 



08° F 


/Btu\ 


68° p 

point 

at 

to 

■poo- 


bua- 

Yiloo- 


tion 

■todahi- 






(if? 

iw- 




W 

norpal 

noreal 

toneoua 



tlon 

Ity 


tam- 

amtrXo, 







omt) 




balling 

bailing 

lffiltlpn 



(T) 

/on \ 
V 1-0 / 


per*- 

rich 











PW 

w 

point, 

■» 

ta^ara- 

Cun 



(d) 

W 

alnua 

laan) 








W 

(a) 

(a) 

(a) 

(a) 

w 

(») 

'M 

(•) 

<«) 

(c) 

(•) 

(f) 

Iioootana* 

0.560 

1.3918 h 

-161.5 h 

Q.169 1 

10, OW 1 

00. e n 

0.5963 

1.3915 

-161.3 

210.Q 

118.7 

78 

601 

5.08EX1Q" 1 

0.189 

19,088 

54,6 

is. &xur* 

637 

307 

Cyolohaiana 

.703 

1.4253 

40 a 

.170 

ia,?ia 

02+ 

.7834 

1.4289 

45.8 

17.7.5 

185,7 

80 

368 

9.68 

.166 

18,676 

38.7 

13,8 

816 

346 

HaehYl- 

oyaiobaxana 

«77i 

1.4333. 

-107.8 

.lea 

18,685 

06+ 

.7740 

1.4231 

-198.0 

913.7 

138,0 

67 

369 

7.26 

.168 

16,649 

37,6 



BOA 

317 

n -Rap tana 8 

..600 

1.3O70 h 

-131,2^ 

.102* 

19,187* 

98. a 1 * 

• 0881 

1.5876 . 

-131.1 

906,9 

156.0 

61 

368 

4.10 

.192 

19,187 

58.6 

7.0 

477 ' 

403 

E cm* an* 

.804 

1.8009 

41.7 

.004 

17,282 

99+ 

.8846 

1.5011 ! 

49,0 

176.fi 

160.3 

45 

681 

6.32 

.034 

17,956 

40.7 

8.5 

1067 

290 


*ftefar#noa 7, 

^•fcrenco 8. 

°naf«**noe 9 , 

*%araranaa 10. 

•Raferanca ii. 

f Unpabli.ib*d BAOA data. ValiMB obtainad at a praflpura of 500 m Kk aba. 
»A.S.T.K. oertifiad. 

^National Bureau of Standard* waul to. 
iPur* fual valaa*. 
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NACA RM E52JQ3 


PERFORMANCE DATA FROM SINGLE COMBUSTOR OPERATING WITH SEVERAL HYDROCARBON FUELS 
Jcornbufl tor -inlet total pressure, 14.3 Inches mercury absolute^ 

(a) Iaooctane. 


'^ 5 & p ' 


Run 

Air 

flow 

(ib/aec) 

Combustor 

reference 

velocity 

(nominal) 

(ft/sec) 

Fuel 

flow 

(Ib/hr) 

Fuel- 

alr 

ratio 

Fuel- 
ncazle 
preoaure 
differ- 
ential 
(Ib/sq. in. 

Fuel 

tem- 

pera- 

ture 

C 8 ?) 

Heat 
input 
(Btu/ 
lb air) 

Mean 

ccaobuator- 

outlet 

tempera- 

Mean tem- 
perature 
rlee 
through 
combustor 
<*▼) 

Combustion 

effioiency 

(percent) 

Remarks 

j Corabus tor-inlet total temperature, 600° R j 

1 

0.598 

61 

12.4 

0.0050 

19.4 

90 

110 

730 

230 

51.0 


2 

.601 

61 

20.1 

.0093 

24,9 

90 

177 

1003 

503 

70.5 


3 

.596 

61 

25.4 

.0116 

23.5 

90 

225 

1193 

693 

77.6 


4 

.595 

61 

28.9 

’.0135 

24.0 

90 

257 

1315 

815 

80.7 


5 

.5?7 

81 

32.0 

.0149 

25.0 

89 

284 

1402 

902 

81.6 


e 

.598 

61 

33.8 

.0157 

25.7 

89 

299 

1445 

945 

81.6 


7 

.603 

61 

23,4 

.0108 

25.7 

86 

206 

1120 

620 

75.5 


8 

.600 

61 

18.8 

.0087 

22.7 * 

86 

166 

932 

432 

64.3 


9 

.600 

81 

16.2 

.0075 

21.2 

as 

143 

S5Q 

330 

56.6 


10 

.600 

61 

13.6 

.0063 

19.9 

85 

120 

742 

242 

49.1 


11 

.600 

61 

26.4 

.0122 

22.9 

86 

233 

1232 

732 

79.6 


12 

.600 

61 

29.5 

.0137 

26.2 

87 

261 

1323 

a23 

80.4 


13 

.600 

61 

33.5 

.0155 

25.9 

87 

296 

1415 

915 

79.8 


14 

.600 

61 

36.1 

.0167 

26.1 

87 

318 

1483 

983 

80.1 

Occasional reaonanae 

15 

.601 

61 

39.5 

.0183 

27.8 

88 

349 

1552 

1052 

78.9 


16 

.600 

61 

42.8 

.0190 

e7.7 

89 

370 

1602 

1102 

76.9 

Resonance 

17 

.599 

61 

43.3 

.0201 

27.7 

90 

383 

1612 

1112 

76.5 

Blow-out 

18 

.598 

61 

25.8 

.0120 

21.9 

75 

229 

19TP 

712 

78.6 


19 

.599 

61 

19.4 

.0090 

22.2 

75 

172 

952 

452 

65.2 


20 

.598 

61 

32.3 

.0150 

25.2 

75 

256 

1387 

087 

79.7 


21 

.598 

61 

39.3 

.0183 

27.2 

75 

549 

1545 

1045 

70.3 

Rescnanoe 

22 

.600 

61 

17.2 

.0080 

20.7 

75 

153 

859 

359 

57.8 


23 

,600 

61 

22.7 

.0105 

20.1 

76 

200 

1052 

552 

68.8 


24 

.600 

61 

28.9 

.0134 

23.2 

77 

256 

1292 

792 

78.9 


25 

.601 

61 

33.2 

.0153 

23.0 

70 

292 

1433 

933 

82.5 


26 

.601 

61 . 

43.0 

.0199 

25.8 

77 

379 

1592 

1092 

75.8 


27 

.600 

61 

17.2 

.0080 

20.5 . 

75 

153 

882 

382 

61.6 


28 

.600 

61 

33.1 

.0153 

22.9 

79 

292 

1425 

925 

81.8 


29 

.600 

61 

40.7 

.0188 

26.7 

79 

358 

1560 

1060 

77.5 


30 

.796 

01 

66.4 

.0232 

28.8 

91 

442 

1653 

1153 

69.4 


31 

.800 

61 

49.4 

.0172 

27.4 

74 

320 

1464 

964 

76.3 


32 

.801 

81 

64.5 

.0224 

27.8 

74 

427 

1667 

1167 

72.7 


33 

.791 

81 

56.3 

.0196 

27.2 

74 

3 70 

1602 

1102 

76.9 


34 

.798 

81 

31.5 

.0110 

23.1 

72 

210 

1053 

553 

65.8 


35 

.790 

81 

45.0 

.0157 

26.5 

73 

299 

1370 

870 

74.7 


36 

.798 

81 

57.9 

.0202 

26.9 

73 

385 

1605 

1105 

75.7 


37 

.800 

81 

39.8 

.0130 

26.0 

76 

263 

1268 

768 

74.3 


58 

.800 

81 

52.2“ 

.0101 

26.7 

76 

345 

1527 

1027 

77.7 


39 

.800 

81 

61.7 

.0214 

26.9 

76 

400 

1652 

1152 

74.9 


40 

.799 

81 

35.0 

.0124 

25.9 

77 

236 

1161 

661 

70.5 


41 

.799 

81 

43.9 

.0153 

26.5 

77 

292 

1357 

857 

75.4 


42 

.001 

61 

55.1 

.0191 

26.7 

77 

364 

1572 

1072 

77.3 


43 

.800 

81 

63.1 

.0219 

27.4 

77 

418 

1666 

1166 

74.2 


44 

.800 

81 

24.0 

.0086 

22.7 

71 

164 

657 

557 

53.6 


45 

.800 

81 

32.2 

.0112 

23.5 

72 

214 

1034 

534 

62.4 


46 

.799 

81 

40.0 

.0139 

23.2 

74 

265 

1242 

742 

71.1 


47 

.799 

81 

47.4 

.0165 

23.9 

74 

315 

1433 

933 

76.7 


46 

.798 

' 81 

77.0 

.0268 

28.2 

72 

511 

1595 

1095 

57.4 

Blow-out 

49 

.800 

81 

22.8 

.0079 

21.6 

75 

151 

037 

337 

54.9 


50 

.800 

81 

29.1 

.0101 

22.7 

78 

193 

963 

463 

59.7 


51 

.800 

81 

30.2 

.0133 

25.9 

77 

254 

1177 

677 

67.5 


52 

.801 

81 

46.1 

.0160 

23.8 

77 

305 

1374 

874 

73.8 


53 

-.804 

81 

57.2 

.0198 

26.2 

75 

378 

1594 

1094 

76.3 

Unsteady inlet pressure 

54 

.801 

81 

63.9 

.0221 

26.2 

74 

421 

! 1647 

1147 

72.3 

Unsteady inlet pressure 

55 

.800 

81 

69.1 

.0240 

28.5 

75 

450 

1 1620 

1120 

65.2 

Blow-out 

56 

1.000 

101 

21.5 

.0060 

23.2 

86 

114 

717 

217 

46.4 


57 

1.000 

101 

85.0 

.0238 

36.2 

86 

450 

1423 

923 

63.8 


58 

1.000 

101 

19.5 

.0054 

24.2 

84 

103 

682 

102 

42.8 


59 

1.000 

101 

84.0 

.0233 

35.2 

86 

445 

1432 

932 

55.0 


60 

1.000 

101 

87.5 

.0243 

38.2 

86 

464 

1453 

953 

54.2 


61 

.997 

101 

35.0 

.0100 

25.0 

77 

191 

923 

423 

54.9 


62 

.996 

101 

43.5 

.0121 

27.7 

78 

231 

1065 

565 

61.3 


63 

.998 

101 

54.2 

.0151 

27.2 

77 

288 

1215 - 

715 

63.2 


64 

.999 

101 

54.9 

.0153 

27.2 

76 

292 

1225 

725 

63.3 


65 

.999 

101 

60.9 

.0169 

27.9 

75 

322 

1308 

800 

64.4 


66 

.999 

101 

67.0 

.0186 

20.0 

75 

355 

1375 

875 

63.9 

Unsteady inlet pressure 

67 

.999 

101 

77.0 

.0214 

29.6 

75 

408 

1428 

928 

59.4 

Unsteady inlet pressure 

68 

1.000 

101 

49.4 

.0137 

27.7 

74 

261 

1150 

650 

62.9 


69 

1.000 

101 

57.8 

.0161 

27. E 

74 

307 

1260 

768 

64.0 


70 

1.000 

101 

72. a. 

70200 

28.4 

74 

381 

1405 

905 

61.7 


71 

1.000 

101 

44.1 

.0122 

27.1 

• 77 

233 

1067 

567 

61.1 


72 

1.001 

101 

57.0 

.0150 

27.3 

77 

301 

1260 

76Q 

64.4 


73 

.999 

101 

43.9 . 

.0122 

27.3 

S2 

235 

1075 

575 

62.0 


74 

.999 

101 

33.8 

.0094 

24.4 

02 

179 

900 

400 

55.1 


75 

1.000 

101 

51.7 

| .0144 

27.0 

01 

275 

1187 

687 

63.5 


76 

1.000 

101 

59.1 

.0164 

27.7 

82 

313 

1290 

790 

64. 7 


77 

1.000 

101 

64.0 

.0178 

27.5 

81 

339 

1535 

835 

63.4 


76 

1.000 

101 

70.6 

.0196 

27.9 

02 

374 

1386 

886 

61.6 


79 

1.002 

101 

77.4 

.0215 

30.9 

82 

410 

1420 

920 

50.6 


80 

.999 

101 

44,1 

.0123 

26.4 

76 

235 

1076 

676 

61.6 


61 

.999 

101 

55.7 

.0155 

26.6 

76 

296 

1245 

745 

64.3 


82 

1.000 

101 

73.1 

.0203 

27.8 

75 

387 

1426 

926 

62.4 


83 

1.000 

101 

42.0 

.0117 

28.1 

78 

223 

1026 

526 

58.9 


84 

1.000 

101 

48. 9 

.0136 

26.7 

79 

259 

1137 

637 

62.0 


65 

1.000 

101 

52.6 

.0174 

27.2 

76 

332 

1298 

798 

61.9 



2688 
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TABIE n - PERFQRKAHCE DATA FROM SINOLE COMBtTSTOT OFERATINU WITH SEVERAL HTOROCARBOK FUELS - Continued 


jco 


Ccabus tor-inlet total pressure, 14*3 inches mercury absolute. 


Run 

Air 

flow 

lb/sec) 

Combustor 
reference 
velocity 
(nominal ) 
(ft/sec) 

Fuel 

flow 

(lb/hr) 

Fuel- 

air 

ratio 

Fuel- 
norxle 
pressure 
differ- 
ential 
(Ib/sq JUu) 

Fuel 

tem- 

pera- 

ture 

(°F) 

Heat 
Input 
(Btu/ 
lb air) 

Kean 

combustor— 

outlet 

tempera- 

ture 

(°R> 

Mean tem- 
perature 
rise 
through 
combustor 

(*F) 

CAabustlon 

efficiency 

(percent) 

Remarks 


Cocibus tor -inlet total temperature, 500° R 

86 

0.998 

101 

74.6 

0.0207 

28.7 

78 

395 

1398 

ess 

59.3 

Unsteady inlet pressure 

87 

1.001 

101 

29.1 

.0081 

22.7 

72 

154 

783 

283 

44.9 


88 

1.001 

101 

36.4 

.0101 

24.7 

72 

193 

691 

391 

50.2 


89 

1.000 

101 

43.7 

.0121 

26.2 

72 

231 

1034 

534 

57.9 


90 

1.000 

101 

50.9 

.0141 

24.3 

' 71 

269 

1159 

6S9 

62.0 


91 

1.000 

101 

58.0 

.0161 

25.4 

71 

307 

1292 

792 

66.1 


92 

1.000 

101 

89.4 

.0248 

39.8 

68 

473 

1470 

970 

54.2 

Blow-cut 

93 

1.300 

133 

26.2 

*0056 

24.7 

90 

107 

673 

173 

39.3 


94 

1.300 

133 

32.5 

.0069 

24.5 

90 

132 

711 

211 

38.9 


95 

1.298 

133 

41.1 

.0068 

28.5 

90 

168 

775 

275 

40.2 


96 

1.300 

133 

46.3 

*0099 

28.1 

90 

187 

610 

310 

40.5 


97 

1.303 

133 

44.1 

.0094 

28.4 

72 

179 

800 

300 

41.1 


98 

1.301 

133 

52.6 

.0112 

27.6 

72 

214 

857 

357 

41.4 


99 

1.501 

133 

57.0 

.0122 

27.8 

72 

233 

897 

397 

42.3 


100 

1.301 

133 

61.8 

.0132 

28.0 

72 

252 

92T 

427 

42.5 


101 

1.301 

133 

64.3 

.0137 

28.5 

71 

262 

950 

450 

43.0 

1 

102 

1.301 

133 

67.3 

.0144 

28.7 

70 

275 

972 

472 

43.0 


103 

1.301 

133 

71.1 

.0152 

28.8 

70 

290 

990 

490 

42.4 


104 

1.299 

133 

75.3 

.0161 

29*5 

70 

307 

1017 

517 

42.4 


105 

1.300 

153 

81.2 

.0174 

32.4 

70 

332 

1025 

525 

40.0 


106 

1.302 

133 . 

84.9 

.0181 

35.9 

70 

345 

1038 

538 

39.5 


107 

1.296 

133 

90.1 

*0193 

40.7 

70 

368 

1050 

550 

38*0 


108 

1.300 

133 

93.0 

*0199 

44.7 

69 

379 

1047 

547 

36.7 


109 

1 .302 

133 

97.8 

.0209 

49.8 

68 

399 

1047 

547 

35.0 


110 

1.300 

133 

98.9 

.0211 

49.2 

68 

402 

1045 

545 

34.5 

Blow-out 

111 

1.300 

133 

33.0 

.0071 

23.4 

71 

134 

703 

203 

36.8 


112 

1.301 

133 

52.5 

.0112 

26.5 

74 

214 

865 

365 

42.3 


113 

1.302 

133 

34.8 

*0074 

25.5 

74 

141 

730 

230 

39.8 


114 

1.303 

133 

64.1 

.0137 

27.5 

74 

261 

938 

438 

41.9 


115 

1.298 

133 

79.9 

.0171 

30.7 

75 

326 

1000. 

500 

38.7 


116 

1.298 

133 

88.3 

.0189 

38.8 

75 

360 

1032 

532 

37.4 


117 

1.301 

133 

72*9 

.0156 

27.9 

75 

297 

1000 

500 

42.3 


118 

1.302 

133 

78.1 

.0167 

29.5 

75 

318 

1012 

512 

40.6 


119 

1.301 

133 

29.6 

.0063 

21.8 

72 

120 

697 

197 

39.9 


120 

1.300 

133 

31.6 

.0068 

20.8 

78 

130 

703 

203 

38.2 


121 

1.297 

133 

84.6 

.0181 

34.7 

65 

345 

1030 

530 

38.9 


122 

1.297 

133 

92.0 

.0197 

42.4 

62 

376 

1052 

55? 

37.4 


Combust oar- Inlet total temperature, 660° R 

123 

0.600 

81 

39.3 

0.0182 

26.5 

82 

347 

1734 

1074 

83.0 


124 

.599 

81 

26.8 

.0124 

23.2 

82 

236 

1457 

797 

87.6 


125 

.599 

81 

17*5 

.0081 

21.3 

03 

154 

1157 

497 

81.2 


126 

.599 

81 

13*2 

.0061 

18.7 

84 

116 

1027 

367 

78.7 


127 

,599 

81 

22.2 

.0103 

23.7 

83 

196 

1310 

650 

84.8 


128 

.599 

81 

43.5 

.0202 

28.5 

81 

385 

1857 

1197 

84.4 


129 

.599 

81 

48.3 

.0224 

27.9 

81 

427 

1972 

1312 

84.4 


130 

.598 

81 

50.9 

.0236 

26.7 

81 

450 

2025 

1365 

83.9 


131 

.598 

81 

53.3 

.0248 

27.2 

81 

473 

2055 

1395 

82.0 

Blow-out 

152 

.593 

61 

26.3 

.0133 

22.9 

83 

254 

1492 

832 

65.6 


133 

.594 

81 

19.7 

.0092 

21.3 

84 

175 

1255 

595 

86.3 


134 

.599 

81 

42.9 

.0199 

27.7 

82 

379 

1830 

1170 

83*5 


135 

.599 

81 

47.6 

.0221 

26.5 

S3 

421 

1947 

1287 

83.6 


136 

.600 

81 

47.2 

.0219 

26.5 

78 

418 

1941 

1281 

84.1 


137 

.600 

81 

37.8 

.0175 

26.0 

78 

334 

1700 

1040 

83.3 


138 

.601 

81 

27.0 

.0125 

21-4 

79 

238 

1471 

811 

88.5 


139 

.599 

81 

33.5 

.0155 

24.5 

80 

296 

1630 

970 

86.9 


140 

.598 

81 

39.3 

.0183 

25.2 

79 

349 

1753 

1093 

84*1 


141 

.598 

81 

45.6 

.0212 

24.7 

79 

404 

1920 

1260 

85.2 


142 

.598 

81 

49.2 

.0229 

24.9 

78 

437 

1988 

1328 

83.8 


143 

.598 

81 

53.7 

.0249 

26.3 

77 

475 

2085 

1425 

83.6 


144 

.598 

81 

54.9 

.0255 

26*4 

76 

486 

2075 

1415 

81.2 

Blow-out 

145 

.598 

81 

31.0 

.0144 

22*6 

77 

275 

1572 

912 

87.4 


146 

.598 

81 

44.0 

.0204 

25.2 

77 

389 

1866 

1206 

84.4 


147 

.598 

81 

51.1 

.0237 

24.8 

77 

452 

2024 

1364 

83.6 


148 

.796 

107 

14*3 

.0050 

18.8 

83 

95 

891 

231 

59.9 


149 

.796 

107 

24.5 

.0085 

23.9 

83 

162 

1152 

492 

76-0 


150 

.800 

107 

32.5 

.0113 

25. Q 

82 

215 

1328 

668 

78.7 


151 

.800 

107 

38.9 

.0135 

27.9 

82 

257 

1460 

800 

81.0 


152 

.799 

107 

46.1 

.0160 

26.7 

81 

305 

1635 

• 975 

84.7 


153 

.799 

107 

56.9 

.0198 

27.9 

81 

578 

1798 

1138 

81.5 


154 

.799 

107 

60.0 

.0209 

27.9 

81 

599 

1828 

1168 

79.6 


155 

.798 

107 

65.5 

.0228 

28.2 

81 

435 

1890 

1230 

77.5 


156 

.798 

107 

69.7 

.0243 

28.5 

81 

463 

1938 

1278 

76.1 


15? 

.798 

107 

75.1 

.0261 

29. 1 

81 

498 

1965 

1305 

72.8 


158 

.799 

107 

38.9 

.0135 

26.2 

78 

257 

1463 

803 

81-5 


159 

.799 

107 

28.7 

.0100 

24.7 

78 

191 

1253 

593 

79.3 


160 

.801 

107 

47.6 

.0165 

26.5 

79 

315 

1637 

977 

82.5 


161 

.797 

107 

56.6 

.0197 

27.9 

80 

376 

1773 

1113 

80.0 


162 

.797 

107 

65.0 

.0227 

28.4 

80 

433 

1875 

1215 

76.8 


163 

.797 

107 

76*3 

.0266 

29.7 

80 

507 

1955 

2295 

70.9 


164 

.798 

107 

82.3 

.0286 

34.7 

81 

545 

1935 

1275 

65.2 

Blow-out 

165 

.802 

107 

38.7 

.0134 

27.5 

82 

256 

1450 

790 

80.5 


166 

.801 

107 

26*3 

.0091 

21.7 

82 

174 

1205 

545 

79.7 


167 

.601 

107 

47.6 

.0165 

27.6 

82 

315 

1630 

970 

81.8 


1 168 

.602 

107 

58.8 

.0204 

27.7 

82 

389 

1807 

1147 

79.9 
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NACA EM E52J03 


TABLE II - PERFORMANCE DATA PROM SINGLE COMBUSTOR OPERATING MTH SEVERAL KTDROCARBON FUELS 
jcombuB tor -inlet total pressure, 14.3 inches mercury absolute^ 
fa) Isooctane - concluded. 


Run 

Air 

■flew 

(lb/sec 

Combustor 

reference 

velocity 

(nominal) 

(ft/sec) 

Fuel 

flow' 

(lb/hr) 

Fuel- 

air 

ratio 

Fuel- 
nozzle 
pressure 
differ- 
ential 
(Ib/sq in.) 

Fuel 
tea- 
par a 
ture 

(*F) 

' ■ 

Heat 
Input 
- (Btu/ 
lb air 

Mean 

coabustor 
outlet 
teapera- 
" ture 

C°a] 

Mean tern- 
- perature 
riBe 
through 
combust oi 

7 s ?) 

Combust ior 
efflclenoj 
(percent) 

Remarks 


Combustor-inlet total temperature, 660° R 


169 

0.002 

107 

71,1 

0.0246 

28.0 

63 

469 

1940 

1280 

75.3 



170 

.798 

107 

42.2 

.0147 

25.7 

74 

260 

1555 

695 

84.0 



171 

.798 

107 

54.0 

.oisSf 

28. 5 

74 

356 

1758 

1098 

62.4 



172 

.800 

107 

44.1 

.0153 

26.6 

76 

292 

1S90 

950 

84.1 



173 

.800 

107 

22.5 

.0070 

21.6 

80 

149 

1100 

440 

74.4 



174 

.801 

107 

51.5 

.0103 

23.0 

80 

208 

1318 

658 

01.3 



175 

.799 

107 

38.5 

.0134 

25.9 

77 

256 

1454 

T94 

81.0 



176 

.000 

107 

76.5 

.0266 

28.2 

74 

507 

1960 

1300 

71.2 



177 

.801 

167 

79.1 

.0274 

30.7 

T5 

522 

1945 

1265 

68. 4 



178 

. 789 

.107 

31.3 

.0109 

. 92.8 

76 

208 

1306 

646 

79.7 



179 

.798 

107 

44.4 

.0155 

25-7 

77 

296 

1594 

934 

83.6 



180 

.998 

134 

44.6 

.0124 

' 27.0 

74 

237 

1342 

662 

74.4 



161 

.997 

134 

37.7 

.0105 

26.3 

75 

200 

1228 

568 

72.4 



182 

.995 

134 

28.6 

.0080 

24.6 

75 

152 

1055 

395 

65.2 



183 

1.000 

134 

iS.S 

.0054 

21 .3 

76 

103 

870 

?10 

50.3 



184 

1.003 

134 

23.0 

.0084 

23.5 

73 

121 

942 

282 

57.7 



185 

1.000 

134 

31.2 

.0087 

24.2 

74 

165 

1105 

445 

67.9 



166 

1,000 

154 

39.3 

.0109 

27.1 

74 

20B 

. 1252 

592 

72.7 



. 187 

1.000 

: 134 

45,7 

.0127 

27.9 

75 

242 

1365 

705 

75.4 



188 

1.002 

■ 134 

78.3 

,0217 

29.9 

75 

414 

1632 

972 

63.2 



189 

.999 

154 

82.0 

.0220 

33.2 

75 

435 

1665 

1005 

62.5 



190 

1.003 

134 

42.8 

.0119 

26.9 

80 

227 

1305 

645 

73.1 



191 

1.003 

134 

87.5 

.0242 

38.7 

81 

461 

1670 

1010 

59.4 



192 

*1.003 

134 

9|.L7 . 

.0257 

- . 

fll 

490 

1660 

1000 

55.6 

Blow-out 


193 

.999 

134 

4S,ff 

.0120 

27.2 

79 

229 

1307 

647 

72.7 



194 

.999 

134 

29.4 

. .0002 

21.7 

80 

156 

. 1076 - 

416 

66.9 



195 

1.000 

134 

83.6 

.0232 

34.7 

01 

442 

1647 

967 

60.3 



196 

1.000 

134 

30.7 

.0085 

22.7 

79 

163 

1097 

. 437 

68.0 



197 

1.000 

134 

47.2 

.0131 

27.5 

77 

250 

139 Q 

T30 

75.8 



198 

1.000 

134 

59.6 

.0166 

26.5 

77 

317 

1540 

880 

73.4 



199 

1.001 

154 

68.6 

.0190 

27.5 

76 

382 

1616 

956 

70.4 



200 

1.001 

134 

82.0 

.0228 

34.7 

76 

435 

1855 

995 

61.6 ‘ 



201 

1.000 

134 

43.6 

.0121 

26.2 

74 

231 

1340 

660 

76,0 



202 

1.000 

134 

72.6 

.0202 

28.1 

74 

585 

mo 

970 

87.5 



203 

1.003 

134 

32.7 

.0091 

23.1 . 

80 

174 

1158 

478 

69.7 



204 

1.003 

134 

39.5 

.0109- 

25.7 

78 

208 

■ 1256 

596 

^73.4 



205 

1.003 

154 

45.4 

'.0126 

25.7 

77 

240 

1365 . 

705 

75.9 



208 

i;oo2 

134 

51. S 

.0144 

25.7 

77 

275 

' 1405 

805 

76.6 



207 

1.001 

134 

59.2 

.0164 

26.4 

78 

513 

1562. 

902 

75.2 



200 

1.001 

134 

64.3. 

.0178 

26.9 

76 

359 

1592 

932 

73.0 



209 

1.001 

134 

7q:.£. 

.0196 

27.4 

75 

• 374 

1642 

*82 

70.4 



210 

1.001 

154 

77.8 

.0215 

28.0 

75 

410 

1650 

990 

35.0 



211 

1.001 

154 

64.9 

.0236 

35.7 

75 

450 

1650 

990 

69,6 



212 

1.001 

■ 154 

87.8 

.0244 

38.9 

75 

465 

1630 

970 

56.5 

Blow-out 


213 

1.000 

134 

33.1 

.0092 

22.6 

76 

175 

11*2 

402 

69. 6 



214 

1.000 

134 

45.3 

.0126 

24.7 

70 

240 

1361 

701 

, j 75. 5 



215 

_ 1.001' 

134 

56.2 

.0156 

25.4 

7* 

297 

1512 

852 

'75. 3 



216 

1.001 

134 

65.7 

.0182 

26.2 

74 

347 

. 1622 

962 

73.9 



[ 217 

1.001 

154 

76-0. 

.0211 

27.7 

72 

402 

1658 

998 

66. 8 



218 

1.300 

178 

32,7 

.0070 

23.0 

73 

133 

917 

257 

48.8 



1 219 

1.300 

178 

2B.£ 

.0056 

23.5 

74 

107 

670 

210 

48.7 



1 220 

1.290 

178 

20-2 

.0043 

20.9 

76 

82 

823 

163 

48.0 



221 

1.301 

176 

39.5 

.0004 

26.8 ; 

75 

161 

955 

295 

46.0 



1 222 

1.300 

178 

44.6 

.0035 

27.8 ; 

T4 

182 

ass 

325 

45.0 



223 

1.300 

178 

48.9 

.0105 

28.6 

74 

193 

1005 

"345. 

43,7 



224 

1.302 

176 

53.2 

.0114 

27.2 

73 

216 

1&0 

370 

43,3 



225 

1.301 

178 

59,6 

.0127 

28.4 

72 

243 

1075 

415 

43.6 

Resonance 


226 

1.301 

178 

65.7 

.0140 

26.5 

.72 

268 

1124 

i64 

44.5 

Resonance 


227 

1.298 

170 

73.1 

.0156 

28.7 

72 

2S8 

1164 

504 

43.6 

r 


228 

1.296 

178 

'■63..$ 

.0175 

.32.7 

72 

333 

liar 

527 

41.1 



229 

1.297 

178 

• 90.S 

.0195 

43.0 

72 

irt 

1190 ' 

630 

37.3 

Blow-cut 


. 230 

1.300 

- 178 

23.8 

.0050 

22.3 

81. 

. as 

380 

200' 

51.8 



231 

1.296 

178 

51. '7 . 

.0111 

26.1 

82 


1047 - 

387 

46.3 



232 

1.294 

178 ■ 

60.2 

.0129 

27.2 

82 

■ sis 

noa 

44 B 

46.5 



233 

1.294 

173 ' 

6T.0 

.0144 

27.7 

82 

275 

1151 

491 

45.9 



234 

1.294 

178 

70.2 

.0168 

50.7 

62 

320 

I1SB 

526 

42.6 

. 


235 

1.294 

178 

86.7 

.0186 

38.2 

82 

3S5 

12U 

544 

40.0 



236 

1.500 

178 

6a«jB 

.0134 

26.7 

.83 

2EB 

1112 

452 

45.2 



237 

1.298 

178 . 

49,1 

.0105 

25.5 

82 

2D0 

1036 

376 

47.5 



238 

1.298 

178 

76.0 

.0163 

28. T 

82 

* :B11 

1165 

505- 

42.0 



239 

1-301 

178 

51.8, 

.0111 

25.9 

73 

212 

1055 

395 

47.3 



; 240 

1.301 

178 

68,2 

.0146 

27.1 

74 

'278 

‘ 1155 _ 

.. .495 

45.7 



; 241 

1.301 

178 

82,0 

.0175 

33.7 

73 

334 

1208 

546 

42.7 



242 

1.297 

178 

33.2 

.0082 

22.6 ' 

78 

156 

. 956 

“296 

47.4 



243 

1.295 

178 

44.4 

.0095 

25,2 

78 

101 

¥86 

326 

45.3 



244 

1.296 

178 

49.-? 

.0106 

25.5 

77 

202 

1028 . 

368 

46.1 

/ 


245 

1.296 

178 

. 5714 

.0123 

24.2 

77 

235 

1078 

410 

45.4 



248 

1.296 

178 

82.6 

.0135 

25.5 

77 

267 

1120 , 

460 

45.8 


- 

247 

1.297 

178 

69.1 

.0148 

25.6 

67 


1152 

492 

44.9 



248 

1.297 

178 

74v5 

.0159 

26.6 

68 

303 

11TO 

520 

44.2 



249 

1.303 

178 

31-3 

.0067 

21.7 

75 

128 

920 

260. 

SO. 7 



2501 

1.303 

178 

43.5 

.0093 

23.9 

74 

177. 

977 

317 

. 45.0 



251) 

1.302 

178 

53.8 

- .0115 

23.9 

74 

219 

1054 

394 

45.6 



252 

1.302 

17B 

54.1 

.0137 

25.2 

73 

261 

- 1123 

463 

45-4 



253j 

1.300 

178 

74.9 

.0180 

26.7 1 


305 


516 

43.7 

Je-=r " l 


_ 


* 


• I 


M 

■ i 

• i 1 


JJ 



’ ■' H 


■ i 

i 

. i 


fc-r-ci 


2688 



NACA EM E52J03 


TABLE II - PERFCRKANCE DATA PROK SINGLE COM30STCH OPERATING RITE SEVERAL H2DR00 ARBOR FOELS - Continued 
jcoesbuator-lnlat total presaure, 14.3 laches oeroury abaolutelj 
(b) n-Heptane. 


Run 

Air 

Ccnbustor 

Fuel 

Fuel- 

Fuel- 

Fuel . 

Beat 

Kean 

Kean tea- 

Cca&usticn 


flOW 

reference 

flow 

air 

nozzle 

tea- 

Input 

combustor- 

perature 

ef ficienoy 


(lb/sac] 

velocity 

(nominal) 

(lb/hr) 

ratio 

pressure 

differ- 

pera- 

Wf 

CBtu/ 
lb air) 

outlet 

teapera- 

rise 

through 

(percent) 






B333G5n! 



coabuetor 



Ccobus tor-inlet total temperature, 5GO u E 


254 

0.598 

61 





73 

337 

1440 

940 

72.3 


255 

.597 

61 

I'm 


23.0 

74 

291 ' 

1340 

840 

74.0 


256 

.597 

61 

■ 1 1 1 M 


22.6 

74 

245 

1140 

640 

66.3 


257 

.597 

61 

21.4 

.0100 

20.2 

75 

192 

880 

580 

49.0 


256 

.597 

EL 

41.6 

.0193 

26.6 

74 

370 

1570 

1070 

78.0 

Occasional resonance 

259 

.597 

61 

45.3 

.0211 

25.7 

73 

404 

1718 

1216 

80.2 


260 

.597 

61 

50.0 

.0233 

26.2 

73 

446 

1023 

1323 

79.9 


261 

.596 

61 

54.8 

.0254 

26.7 

73 

467 

1918 

1418 

79.3 


262 

.595 

61 

55.6 

.0257 

1 

73 

495 

1930 

1430 

79.1 

Blcw-mt 

263 

.601 

61 

30.0 

.0139 

23.7 

74 

266 

1250 

750 

71. 8^ 


264 

.601 

61 

36.2 

.0163 

25.2 

74 

312 

1363 

863 

71.3 


£65 

.602 

61 

40.3 

.0186 

27.4 

74 

356 

1522 

1022 

75.0 


266 

.602 

61 

42.8 

.0197 

27.0 

74 

378 

1620 

1120 

76.2 

Occasional resonance, blow-out 

267 

.799 

81 

50.2 

.0176 

26. T 

66 

335 

1510 

1010 

78.5 


26# 

.800 

CL 

43.0 

.0149 

25.6 

89 

265 

1328 

828 

74.3 


269 

.300 

81 

36.5 

.0127 

22.9 

70 

243 

1095 

593 

61.2 


270 

.300 

81 

30.1 

.0104 

22.0 

71 

199 

920 

420 

52.2 


271 

.600 

61 

25.9 

.0090 

21.5 

71 

172 

790 

290 

41.3 


272 

.600 

61 

54.6 

.0190 

26.4 

70 

364 

ISOS 

1105 

79.9 

Resonance 

273 

.601 

61 

59.3 

.0206 

26.7 

70 

395 

1698 

1198 

80.6 

Resonance 

274 

.001 

61 

63.6 

.0221 

27.1 

70 

423 

1758 

1258 

79.5 

Resonance 

275 

.801 

81 . 

68.0 


27.2 

70 

452 

1610 

1310 

78.0 

Resonance 

270 

.802 

61 

72.3 

.0250 

26.4 

70 

479 

1857 

1357 

76.6 

Resonance 

277 

.802 

81 

76.8 

.0266 

32.2 

70 

510 

1867 

1367 

73.0 

Resonance 

276 

.802 

61 

78.1 

.0271 

33.7 

71 

519 

1790 

1290 

67.4 

Resonance, blow-out 

279 

1.000 

101 

35.2 

.0098 

23.7 

75 

187 

890 

390 

51.4 


280 

1.000 

101 

27.4 

.0076 

22.7 

75 

146 

710 

210 

35.2 


261 

1.000 

101 

42.8 

.0119 

26.1 

76 

228 

1072 

572 

63.0 


262 

1.000 

101 

50.1 

.0139 

26.2 

74 

266 

1224 

724 

69 .0 


263 

.999 

101 

57.2 

.0160 

26.7 

73 

304 

1351 

851 

71.8 


264 

1.000 

101 

63.6 

.0177 

27.2 

73 

339 

1468 

966 

74.3 


265 

.999 

101 

70.0 

.0195) 

27.7 

73 

373 

1656 

1038 

72.8 

Occasional resonance 

266 

.999 

101 

76.8 

.0213 

32.4 

73 

409 

1377 

1077 

69.6 


267 

1.000 

101 

82.6 

.0229 

40.7 

73 

439 

1636 

1136 

68.8 


£66 

1.000 

101 

89.4 

.0248, 

50.7 

73 

475 

1650 

1150 

64.7 


289 

.999 

101 

94.3 

.02€2 

56.7 

72 

502 

1615 

1115 

59.4 

Blow-out 

290 

1.300 

153 

.41.6 

.0089 

25.2 

68 

170 

761 

261 

40.5 


291 

1.300 

133 

4T.6 

.0102 

25.7 

68 

195 

848 

346 

44.1 


292 

1.300 

133 

54.6 

.0117 

26.0 

66 

224 

942 

442 

49.0 


293 

1.300 

133 

61.4 

.0131 

26-5 

68 

251 

1020 

520 

51.8 


294 

1.300 

133 

68.0 

.0145 

26.9 

67 

278 

1102 

602 

54.6 


295 

1.300 

133 

74.6 

.0150 

29.8 

67 

305 

1152 

652 

34.3 


296 

1.300 

133 

60.7 

.0172 

36.8 

67 

330 

1188 

688 

53.2 


297 

1.300 

133 

69.4 

.0191 

46.5 

67 

.366 

1206 

70S 

49.7 


296 

1.300 

133 

96.2 

.0206 

57.7 

67 

394 

1225 

725 

4T.4 


299 

1.300 

133 

102.0 

.0216 

67.9 

67 

417 

1232 

732 

46.3 


-K2Q- 

- l.KQ 

133 

104*3 

.0225 

1^3 

67 

427 

IMS 

720 

43.6 

Blow-out 

Cantus tar -Inlet total temperature, 6 

60*R ; 

301 

0.600 

ai 

20. Q 


19.7 

76 

178 

1168 

506 

72.3 


302 

.600 

81 

16.8 

m7*TF 

18.7 

77 

149 

1057 

397 

66.7 


303 

.600 

61 

24.5 


22.8 

77 

216 

1312 

652 

77.4 


304 

.600 

61 

30.1 

.0139 

25.2 

77 

266 

1490 

830 

81.5 


305 

.600 

81 

35.2 

.0163 

25.0 

77 

512 

1585 

925 

78.4 


306 

.600 

81 

40.3 

-0187 

26.8 

75 

358 

1708 

1048 

78.5 


307 

-600 

61 

45.3 

.0209 

26.8 

74 

400 

1875 


82.7 


306 

.601 

61 

50.0 

.0231 

27.0 

74 

443 

2018 

■mis 

84.0 


309 

.601 . 

81 

54.6 

.0253 

27.0 

74 

485 

2152 


84.9 


310 

.600 

61 

58.5 

.0271 



73 

519 

2235 


S5.7 

Blow-out 

311 

.801 

107 

20.0 


19.7 

74 

133 

930 

270 

50.6 


312 

.601 

107 

24.5 

■ESe 

21.8 

74 

162 

1067 

407 

63.1 


313 

.801 

107 

30.1 

.0104 

23.1 

76 

199 

1235 

575 

73.7 


314 

.601 

107 

35.2 

.0122 

24.9 

76 

234 

1530 

670 

73.9 


315 

.001 

107 

40.3 

.0140 

25. 7 

77 

288 

1460 

800 

77.9 


316 

.801 

107 

45.3 

-0157 

27.5 

76 

301 

1592 

932 

CL. 9 


317 

.601 

107 

50.0 

-0173 

26.6 

75 

331 

1712 

1052 

84.9 _ 


316 

.601 

107 

54.8 

.0190 

26.9 

74 

364 

1806 

1146 

85.0 


319 

.801 

107 

59.3 

.0 206 

27.1 

72 

395 

1907 

1247 

86. 2 


320 

.802 

107 

63.6 

.0220 

27.5 

73 

421 

2002 

1342 

87.6 


321 

.801 

107 

68.0 

.0238 

27.7 

73 

452 

2087 

1427 

67.6 


322 

.803 

107 

72.2 

.0250 

28-5 

73 

479 

2158 

1498 

87.5 


323 

.603 

107 

77.0 

.0266 

32.4 

73 

510 

2117 

1457 

80.2 


324 

.000 

107 

81.0 

.0261 

36.7 

73. 

538 

2112 

1452 

75.9 

Blow-out 

325 

1.000 

134 

21.4 

.0059 

19.1 

72 

114 

837 

177 

38.6 


326 

1.000 

134 

30,0 

.0083 

23.5 

73 

160 

1042 

382 

60.2 


327 

1.000 

134 

37.8 

.OIOS 

23.9 

73 

201 

,1196 

538 

66.2 


326 

1.000 

134 

45.3 

.0126 

26. T 

73 

241 

1562 

702 

75.4 


329 

1.000 

134 

52.4 

.0148 

26.2 

72 

279 

1505 

845 

79.4 


330 

1.0 OCT 

134 

59 JS 

.0165 

26.7 

72 

316 

1625 

965 

81.0 


331 

1.000 

134 

65.6 

.0163 

27.5 

72 

551 

1742 

1082 

82.9 


332 

1.000 

134 

72.3 

.0201 

26.1 

72 

385 

1825 

1165 

82.0 


333 

1. 000 

134 

79.0 

.0219 

33.7 

72 

420 

1845 

lies 

77.0 


334 

1.000 

134 

62.6 

.0229 

39.5. 

71 

439 

1874 

1214 

75.8 


535 

1.000 

154 

86.5 

.0246 

46.7 

71 

471 

1805 

1223 

71.6 


336 

1.000 

134 

91.3 

.0253 


72 

485 

1880 

1220 

69.4 

Blow-out 

337 

1-501 

178 

30.1 

.0064 

20.7 

72 

123 

852 

192 

•38.9 


338 

1.303 

178 

3T.8 

.OO0C 

23.8 

73 

153 

972 

312 

51.0 


339 

1-300 

178 

45.3 

.009 1 

25.6 

72 

166 

1092 

432 

58.8 

Resonance 

340 

1-500 

178 

52.4 

.0115 

25.5 

72 

215 

1166 

soe 

60.4 

Resonance 

541 

1.300 

178 

59.3 

. .0127 

35.8 

71 

243 

1238 

578 

61.0 

Res ounce 

342 

1.301 

178 ■* 

85.8 

-014C 

26.7 

70 

268 

1296 

638 

61.5 


343 

1.301 

178 

72.3 

.0154 

27.2 

70 

295 

1332 

672 

59.3 


344 

1.301 

178 

76.7 

.0166 

32.9 

69 

322 

1360 

700 

56.9 


345 

1.302 

178 

65.0 

.0161 

41.7 

69 

347 

13 S3 

723 

54.8 


3« 

1.300 

1TB 

31.7 

.0176 

50.7 

63 

575 

1410 

750 

52.8 


iTrJ 

1.301 

178 

93.2 

.0210 

BO. 7 

63 

402 

1412 

752 

49.6 


Juf 1 ;] 

1.301 

176 

104.2 

% 095>5 

62.7 

68 

425 

1420 

760 

47.6 


tQJ 

1-501 

17* 

106.0 

.0226 

63.0 

68 

433 

1406 

748 

46.0 

Blow-out 
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TABLE II - PERFORMANCE DATA PROM SIHQIi COMBUSTOR OPERATING WITH SEVERAL HYDROCARBON FUELS - Continued 
I Combustor -Inlet total pressure, 14.3 Inches mercury absolute. 

(o) Cyclohexane. — ' 


Run 

Air 

flow 

(Ib/seo) 

Combustor 

reference 

Telocity 

(nominal) 

(ft/eeo) 

Fuel 

flow 

(lb/hr) 

Fuel- 

air 

ratio 

Fuel- 
nosEle 
pressure 
differ- 
ential 
(lb/aq inO 

Fuel 

tem- 

pera-, 

ture 

(°f> 

Heat 
input 
03tu/ 
lb air} 

Mean 

eombjis tor- 
outlet 
tempera- 
ture 

CM 

Mean tem- 
perature 
rise 
through 
combustor 
C°F) 

Combus tlon 
efficiency 
(par cent) 

Remarks 

j Combustor -Inlet total tern] 

era tur e^ _5< 

X>° H .... . [ 

350 

0.603 

61 

30.7 

0.0141 

23.6 

S6 

264 

13S0 

050 

82.3 _ 


351 

.603 

61 

23.0 

.0106 

21.9 

68 

198 

1065 

565 

71.0‘ 


352 

.603 

61 

17.5 

.0061 

22.7 

67 

152 

tea 

536 

54.7 


353 

.60S 

61 

38.5 

,0177 

25.9 

67 

331 

1553 

1053 

02.9 


354 

.802 

61 

46.2 

.0213 

26.6. . . 

64 

399 

1705 

nanc; 

00.2 

Resonance 

355 

.602 

61 

53.7 

.0249 

27. 5 

63 

' 464 

1850 

1350 

76.5 

Resonance 

356 

.601 

61 

57.4 

*0265 

27.9 

65 

496 

1930 

1430 

76.6 

Resonance, blow-out 

357 

.799 

61 

46.7 

.0169 

26.6 

64 

316 

1452 

932 

77.6 


358 

.799 

ai 

41.1 

.0143 

26.7 

64 

268 

1297 

797 

76.9 


359 

.729 

61 ' . 

33.4 

,0116 

24.9 

85 

217 

1095 

595 

66.6 


360 

.799 

61 

25.6 

,0089 

24.7 

65 

167 

863 

3te 

53.6 


361 

. T9 9 

ai 

19. 0 

■ .0056 

22.7 

66 

124 

70T 

«rr . 

40.8 


362 

-.799 

81 

56.3 

.0126 

27.8 

63 

367 

1592 

1052 r 

7B.1 


363 

.799 

61 

61.9 

,0215 

27.4 

63 

402 

1708 

iaoa 

79.7 . 


364 

.799 

81 

71.1 

-0247 

27.7 

62 

462 

1795 

1235 

75.3 


365 

.798 

81 

■fa j 

.0272 

29.5 

62 

309 

1060 

1360 

72.5 


366 

.799 

• ai 

82.9 

.026$ 

32.8 

61 

539 


1«5 

71.2 


367 

.799 

91 

a7.o 

.0303 

37.5 

61 

567 

iJlD 

1510 

63.0 

Resonance 

368 

.799 

81 

90.8 

.0316 

41.3 

60 

GS1 

1820 ' 

1320 

61.0 

Blow-out 

369 

.999 

61 

36.0 

.0100 

25.7 

87 

187 

910 

410 

54.1 


370 

l.ooa 

101 

28.0 

.0078 

21.6 

88 

146 

. Z 52 

262 

43.9 


371 

1.000 

101 

22.3 

.0062 

22.0 

sa 

11? 

670., 

170 

35.6 

Blow-out 

372 

1.000 

101 

43.6 

.0121 

25.7 

67 

226 

. rose:' 

590 ' 

65.2 


373 

1.000 

101 

51.1 

-0142 

26.6 

68 

£66 

- h? 5 r 

fia? - 

65.3 


374 

1.000 

101 

58. a 

.0164 

27.5 

68 

507 

i sop 

BOO 

66.7 


375 

1.001 

101 

64.1 

.0178 

26.9 

68 

333 

13(3 

0B1 

68.2 


376 

1.001 

101 

71—1 

.0187 

20. 2 

6B 

369 

1480 

900 

62.3 


377 

1.001 

101 

76.8 

.0219 

29.9 

67 

410 

1545 

1045 

.,67.1 ■ 


378 

1.000 

101 

86.6 

.0236 

36.2 

61 

445 

1590 

1090 

64.6 

Resonance 

379 

1.000 

101 

92.9 

.0256 

43.3 

67 

485 

1640 

U*Q 

63.0 

Resonance 

330 

1.000 

lpl 

101.1 

.0261 

51.7 

67 

526 

1640 . 

1140 

58.1 


381 

1.002 

loi 

WP.4 

.0292 



67 

547 

1600 

1100 

54.0 

Blow-out 

532 

1.300 

■ 133 

46.2 

.0099 

26.5 

70 

105 

755 

3B6 

55.7 


393 

1.301 

133 

57 .a 

.0079 

24.3 

70 

148 

688 

106 

31.0 


584 

1.301 

133 

56, 3 

.00^3.. 

27.4 

70 

225 

856 

sae 

39.4 


385 

1.301 

135 

66,4 

.0142 

26.9 

70 

200 

902 

482 

45.3 


386 

1.302 

133 

75.9 

.0162 

28.1 . . 

70 . 

303 

1072 

572 

47.6 


307 

1.303 

133 

65.5 

.0182 

35.2 

70 

541 

1155 

655 

49.0 


388 

1.303 


94-3 

.0201 

44.7 

70 

376 

1210 

710 

48.4 

Blow-out 

Coobua tor-inlet total temperature, 660° R j 

389 

0.599 

81 

30.7 

070142 

24.7 

76 

267 

1538 

078 

86.3 


390 

.399 

81 

25.6 

.0119 

22.1 

77 

222 

1400 - 

740 

86.0 


391 

.599 

81 

20.4 

.0095 

21.7 

76 

177 

1240 

580 

03.2 


392 

.599 

81 

14.4 

.0067 

19.9 

80 

125 

1062 

402 

00.4 , 


393 

.600 

81 

36.0 

.0167 

25.0 

76 

312 

1655 

995 

64.6 


394 

.600 

81 

41.1 

.0130 

26.1 

76 

.356 

1790 

1130 

65.4 


395 

.600 

81 

46.2 

.0214 

26.9 

74 

400 

1915 

1255 

05.4 

Occasional resonance 

396 

.600 

81 - 

51.2 

.0237 

25.9 . 

74 

444 

2022 

1362 

84.7 

Resonance 

397 

.601 

61 

56.3 

.0260 

26.6 

73 

487 

2125 

1465 

63.9 


399 

.601 

81 

61.4 

*0284 

26.9 

73. 

531 

2952 

1572 

63.5 


599 

.601 

SI . 

66.3 

-0300 

26.1 

72 

574 

2330 

1670 

03.1 


400 

.601 

81 

71.1 

.0329 

27.7 

72 

615 

2405 

1745 

61.7 . 


401 

.601 

61 

73.0 

*0337 

27.9 

72 

631 

2435 

1775 

61.2 

Blow-out 

402 

.802 

107 

25.6 

' .0089 

21.5 

75 

166 

1100 

520 

79-3 


403 

.802 

107 

17.5 

.0061 

21.2 

76 

113 

377 

317 

69.5 


404 

.601 

107 

S3. -4 

.0116 

23.9 

76 

217 

1355 

695 

02.5 


405 

.601 

107 

41.1 

.0143 

'25.7 

75 

267 

1510 

050 

83.3. 


408 

.600 

107 

46.7 

.0169 

26.8 

74 

317 

1663 

1003 

84.2 


407 

.600 

107 

56.3 

.0196 

26. S 

73 

366 

1802 

1142 

84.1 


409 

.600 

107 

63.8 

.0222 

26.9 

73 

415 

1937 

1277 

84.0 


409 

.800 

107 

71.1 

.0247 

27.5 

72 

462 

2060 

1400 

83.9 


410 

.800 

107 

76 -5 

.0272 

29.7 

72 

. 509 

2166 

Sos . 

03.0 


411 

.801 

ID 7 

42.4 

.0147 

25.2 

70 

275 

1542 

682 

64.0 


412 

.801 

107 

58.9 

.0204 

25.4 

70 

3B2 

1653 

. 1193 

64.6 


413 

.801 

107 

79.5 

.0276 

23.9 

70 

m r 

2172 

1512 

62.2 


414 

.801 

107 

82.0 

.0284 

31.7 

71 

332 

2117 

1457 

76.6 


415 

.803 

107 

85.6 

.0296 

36. 5 

71 

554 

2108 

1448 

73.5 


416 

.804 

107 - 

09.0 

.0300- 

58.9 

71 

57? 

2110 

1450 

71.0 


417 

.804 

107 

92. 0" 

.. J0321- 

42.6 

71. 

600 

2110 

1450 

08:3 


416 

.804 

107 

93.3 

*0322 



71 

604 

2085 

1425 

.66.7 

Blow-out 

419 

1.004 

134 

30.6 

.0085 

21.6 

70 

159 

1ID0 

440 

69.6 


420 

1.001 

134 

22.6 

.0063 

21.7 

74 

118 

963 

303 

63.9 


421 

1.002 

134 

16.0 

.0044 

19.3 

74 

62 

825 

165 

49.4 


422 

1.001 

134 

38.6 

.0107 

24.7 

73 

200 

1256. 

596 

76.2 


423 

1.001 

134 

46.2 

.0126 

25.9 

73 

240 

1395 

735 

TSU4 - 


424 

1.003 

134 

53.8 

.0149 

25.9 

73 ■ 

279 

1518 

050 

flo:s . 


425 

1.002 

154 

61.4 

.0170 

28.4 

73 

318 

1630 

970 

60,8 


426 

1.001 

134 

68.6 

.0191 

28.9 

73 

358 

1730 

1078 

00.9 


427 

1.000 

134 

75.9 

.0211 

28.0 

71 

385 

1633 

1173 

60.5 


428 

1.001 

134 

83.1 

.0231 

32.0 

71 . 

432 

1065 

1225 

77.4 


429 

.999 

134 

90.3 

.0251 

39.9 

71 

470 

1315 

1255 

73.5 


430 

.999 

134 

97.0 

.0272 

47.1 

70 

509 

1915 

1255 

68.2 


431 

.999 

134 

105.0 

.0292 

56.4 

70 

547 

1 ftflO 

iw 

62.0 


432 

.999 

134 

106.4 

.0296 

— . 

TO 

554 

1355 

1195 

59.6 

Blow-out 

433 

1.300 

178 

33.4 

.0071 

22.7 

74 

133 

928 

266 

50.2 


434 

1,300 

178 

23.1 

.0049 

21.2 

76 

92 

034 

174 

46.8 


435 

1.300 

178 . 

43.6 

.0095 

24.7 

75 

174 

1042 

302 

55.2 

Resonance 

438 

1.300 

178 

53.7 

.0115 

25.2 

73 

215 

1136 

476 

56.5 

Resonance 

437 

1.301 

178 . 

63.9 

.0136 

25.6 

72 

235 

1228 

568 

57.3 . 

Resonance 

439 

1.301 

176 

73.5 

.0157 

26.7 

71 

294 

1290 

630 

55.6 

Resonance 

439 

1.301 

176. 

83.1 

.0177 

31.7 

71 

531 

. 1372 

712 

56.2 

Resonance 

440 

1.301 

178 . 

92.8 

.0198 

41.7 

70 

371 

1412 

752 

53.5 

Resonance 

441 

1.301 

178 

102.6 

.0219 

53.0 

7b 

410 

1452 

772 

50.0 

Resonance 

442 

1.301 

178 

112.0 

.0239 

65.7 

70. 

1 447 

1435 

775 

46.2 

Resonance 

IA4B 

It 301 

IZfl 

116.5-- 

-1.P84J. 

... 

_Z2 

1 

1405 

145 

iiiz 

: 


CO 

05 


, - t. 

lt *: r. 




:u 

’“•T 

M 


if 




889: 


NACA EM E52J03 


19 


TABIfi 


IT - PERFORMANCE DATA PROM 

[ccabuH tor-inlet total pressure 


W 


SDJOLB (XMBO3T0R OPERATING WITH SEVERAL HYDROCARBON FUELS - Continued. 
14 -3 Inches mercury absolute^ 

Methyl cyclohexane. 




Run 

Air 

flOW 

(lb/aec) 

Combustor 

reference 

velocity 

(nominal) 

(ft/sec) 

Fuel 

flow 

(lb/hr) 

Fuel- 

air 

ratio 

Fuel- 
nocxle 
pressure 
differ- 
ential 
,(lb/eq. In.) 

Fuel 

tem- 

pera- 

ture 

(°F) 

Heat 
Input 
(Btu/ 
It air) 

Mean 

combustor- 

outlet 

tempera- 

ture 

(°R) 

Kean tem- 
perature 
rise 
through 
combustor 

(°F) 

Combustion 

efficiency 

(percent) 

Remarks 

| Combustor -inlet total temperature, 5QO w R J 

444 

0.599 

61 

24.6 

0.0114 

22.3 

62 

213 

1115 

615 

72.4 


445 

.599 

61 

29.9 

.0139 

20.9 

62 

259 

1301 

801 

78.6 


446 

.598 

61 

35.2 

.0163 

21.7 

S3 

304 

1468 

966 

82.2 


447 

.600 

61 

40.6 

.0188 

25.2 

66 

351 

1605 

1105 

82.7 

Occasional resonance 

446 

.600 

61 

45.2 

.0209 

25.7 

64 

390 

1709 

1209 

82.5 


449 

.600 

61 

49.9 

.0231 

25.2 

64 

431 

1778 

1278 

79.4 


450 

.600 

61 

54.5 

.0252 

25 -2 

64 

470 

I860 

1360 

78-2 


451 

.600 

61 

59.7 

-0276 

25.9 

64 

515 - 

2005 

1505 

80.1 

Blow-out 

452 

.800 

61 

58.9 

.0273 

25.9 

65 

509 

1977 

1477 

79.4 

Blow -cut 

455 

.798 

81 

22.1 

.0077 

20.7 

77 

144 

812 

312 

53.2 


454 

.797 

81 

30 JL 

.0105 

20.9 

77 

136 

962 

462 

58.5 


455 

.797 

81 

37.8 

.0132 

24.7 

76 

246 

1175 

675 

69.2 


456 

.797 

61 

45.2 

.0150 

24.6 

76 

295 

1368 

868 

75.6 


457 

.797 

81 

52-2 

.0182 

25.7 

75 

340 

1524 

1024 

J8 .6 


458 

.798 

81 

59.8 

.0208 

25-5 

74 

388 

1668 

1168 

79.6 


459 

.799 

81 . 

67.4 

.0234 

26.2 

73 

437 „ 

1745 

1245 

76.3 


450 

.798 

81 

74.3 

.0258 

27-2 

73 

481 

1620 

1320 

74.1 


461 

.788 

61 

78.9 

.0275 

28.6 

73 

513 

1830 

1330 

70.3 


462 

.798 

81 

84.5 

.0294 

33.1 

72 

548 

1770 

1270 

62.9 


463 

.801 

ai 

87.1 

.0302 

36.2 

62 

563 

1710 

1210 

58.2 

Blow-out 

464 

.996 

10X 

18.6 

.0052 

20-2 

75 

97 

703 

203 

50.8 


465 

1.000 

101 

26.8 

.0074 

22.8 

76 

136 

774 

274 

48.5 


466 

.999 

101 .. 

35.2 

.0090 

23 -3 

75 

183 

860 

360 

48.5 


467 

1.000 

101 

42 .3 

.0119 

25.7 

74 

222 

1004 

504 

56-6 


468 

1.000 

101 

49.9 

.0139 

25.8 

74 

259 

1145 

645 

62.7 


469 

1.000 

101 

57.1 

.0159 

25.0 

73 

! 297 

1260 

780 

67 .1 


470 

1.000 

101 

66*1 

.0183 

25.3 

74 

341 

1429 

92 9 

70-5 


471 

1.000 

101 

74.3 

.0206 

26. 6 

74 

384 

1547 

1047 

71*5 


472 

1.000 

101 

61.6 

.0227 

29.0 

73 

423 

1610 

1110 

69.4 


473 

1.000 

101- 

88.5 

.0246 

35. S 

73 

459 

1634 

1134 

65-8 


474 

1.000 

lOl 

95.7 

.0266 

41.4 

72 

496 

1625 

1125 

! 60.6 


475 

1.000 

101 

98.1 

.0273 

42.7 

72 

509 

1620 

1120 

58-9 

Blow-out 

476 

1.300 

■ 133 

20.5 

.0044 

19.7 

76 

82 

660 

160 

47.2 


477 

1.296 

133 

28. e 

.0062 

21.1 

75 

116 

705 

205 

43 -1 


478 

1.296 

133 

35.9 

.0077 

23.7 

74 

144 

724 

224 

38.0 


479 

1.296 

133 

43.2 

.0093 

24.6 

75 

173 

770 

270 

38-1 


400 

1.297 

133 

5 i.d 

.0109 

24.1 

75 

203 

827 

327 

39-6 


461 

1.297 

133 

58.4 

.0125 

24.3 

74 

233 

897 

397 

42.2 


482 

1.2S7 

133 

68.1 

.0142 

25.2 

74 

265 

965 

465 

43.8 


463 

1.302 

153 

73.4 

.0157 

24.9 

72 

293 

1041 

541 

46.5 


464 

1.301 

133 

81.1 

.0173 

29.5 

72 

323 

1102 

602 

47 *2 


465 

1.301 

133 

87-6 

.0107 

34.8 

72 

349 

1137 

637 

46.5 


466 

1.301 

133 

93.3 

.0199 

40-2 

72 

371 

1152 

652 

44.9 


487 

1.301 

133 

100.3 

.0214 

47.7 

72 

399 

1184 

684 

44.0 


466 

1.302 

133 

105.5 

.0225 

54-7 

72 

420 

1215 

715 

43.9 


469 

1.302 

133 

112.0 

.0239 

61-7 , 

72 

446 

1220 

720 

41.8 


490 

1.303 

133 

113.5 

.0242 

— 

72 

451 

1220 

720 

41.3 

Blow-out 

| Combustor -i 

nlet total temperature, 660° R J 

491 

0.601 

81 

15.8 

0.0073 

18-7 

78 

136 

1062 

402 

73.9 


492 

.601 

81 

21.6 

.0100 

21.2 

74 

187 

1240 

580 

78.1 


493 

.601 

61 

27.2 

.0126 

22.7 

73 

235 

1433 

773 

65.2 


494 

.601 

81 

33-8 

.0156 

22. 4 

71 

291 

1616 

956 

86.7 


495 

.601 

81 

39.2 

.0181 

24.7 

71 

338 

1732 

1072 

84.9 


496 

.601 

81 

44 .Cr 

.0203 

24.6 

70 

379 

1864 

1204 

86.1 


497 

.601 

81 

48.7 

.0225 

24.7 

69 

420 

1968 

1308 

85.4 


496 

.601 

61 

55.8 

.0258 

24.9 

69 

481 

2097 

1437 

83.1 


499 

.601 

81 

61.0 

.0282 

24.9 

68 

526 

2212 

1552 

83.1 


500 

.601 

81 

64.9 

.0300 

— ■ . 

69 

560 

2273 

1613 

81.8 

Blow-out 

501 

.601 

107 

18.6 

-0065 

iB.e 

72 

121 

1000 

340 

69.9 


502 

.801 

107 

27.2 

.0094 

20.2 

73 

175 

1171 

511 

73 .8 


503 

.801 

107 

57.9 

.0131 

22.7 

73 

244 

1441 

781 

83.0 


504 

.801 

107 

47.6 

*0165 

24-8 

71 

308 

1652 

992 

65.4 


505 

'.801 

107 

57.1 

.0198 

24.9 

TO 

369 

1830 

1170 

85.6 


506 

.001 

107 

67.4 

.0234 

24.7 

70 

437 

1992 

1332 

83.9 


507 

.801 

107 

76.4 

.0265 

26.5 

68 

494 

2130 

1470 

83.1 


508 

-801 

107 

04.5 

.0293 

31.0 

68 

547 

2080 

1420 

72.9 

Blow-out 

509 

1.001 

134 . 

18.8 

.0052 

18.9 

75 

97 

912 

252 

64.3 


510 

1.002 

134 

29.9 

.0083 

2D- 2 

75 

155 

1073 

413 

67.0 


sn 

1.000 

134 

40.6 

.0113 

24 .7 

73 

211 

1262 

602- 

73.0 


512 

1.001 

134 

49.9 

.0138 

23.7 

71 

257 

1433 

773 

78.0 


515 

1.001 

134 

59.7 

.0166 

23-9 

71 

310 

1587 

927 

79.1 


514 

1.001 

134 

69.9 

.0194 

24.8 

70 

362 

1725 

1065 

78.9 


515 

1.001 

134 

78.9 

.0219 

26.1 

69 

409 

1830 

1170 

77.8 


516 

1.000 

134 

86.4 

.0240 

33.7 

69 

448 

1912 

1252 

76.7 


517 

1.000 

134 

90.7 

- .0252 

38-4 

69 

470 

1932 

1272 

74.6 


516 

1.000 

134 

96.6 

.0268 

44-0 

68 

500 

1887 

1227 

67.7 


519 

1.000 

134 

100.0 

.0278 

— 

68 

519 

1850 

1190 

63.3 

Blow-out 

520 

1.299 

178 

31.1 

.0067 

20-5 

69 

125 

932 

272 

54.1 


521 

1.300 

178 

40.6 

.0087 

23.7 

66 

162 

988 

328 

50.7 


522 

1.300 

176 

49.9 

.0107 

23-7 

65 

200 

1062 

402 

50.9 


523 

1.300 

178 

59.7 

.0126 

25.7 

66 

239 

1136 

478 

51.1 


524 

1.300 

178 

69.9 

.0149 

24.7 

64 

278 

1201 

541 

50.1 


525 

1.300 

176 

78. 9 

.0169 

. 27.2 

63 

315 

1292 

632 

52.1 


526 

1.300 

178 

88.5 

.0189 

35.0 

62 

353 

1325 

665 

49.4 


527 

1.300 

178 

95.5 

.0204 

,41.9 

62 

381 

1358 

esa 

48.3 


528 

1.300 

178 

102.3 

.0219 

49.7 

62 

409 

1579 

719 

46.6 


529 

1.300 

176 

108.8 

.0232 

58.7 

62 

433 

1360 

700 

42.9 

Blow-out 




20 


NACA EM E52J03 


TABLE XI 


- - PERFORMANCE DATA PROM SINOIE COMBUSTOR OPERATING WITS SEVERAL HrEROCARBOH FUELS 

" - *3 


jcombus tor -inlet total pressure, 14.3 lnohes mercury absolute. 


(e) Benzene. 


- Continued 



Run 

Air 
flow 
(lb/seo ) 

Combustor 

reference 

velooity 

(nominal) 

(ft/sac) 

Fuel 
flow 
{ lb/hr) 

Fuel- 

air 

ratio 

Fuel- 
nozzle 
pressure 
differ- 
ential 
(lb/sq in.) 

Fuel 

tem- 

pera- 

Heat 
input 
(Btu/ 
lb air) 

Mean 

combustor 

outlet 

tempera- 

ture 

(°R) 

Mean tem- 
perature 
rise 
through 
c ambus tor 
(°T) 

Combustion 

efficiency 

(percent) 

Remarks 


Combustor-inlet total ten 

perature. 

500° R 

530 

0.538 

61 

19.1 

0.0089 

23.0 

77 

154 

820 

520 

60.9 


531 

.598 

61 

27.5 

.0128 

23.7 

76 

221 

1170 

670 

75.8 


532 

.596 

'61 

35.8 

.0166 

26.2 

74 

287 

1430 

930 

83.1 


533 

.598 

61 

44.2 

.0205 

26.6 

74 

354 

1650 

1150 . 

84.9 

Occasional resonance 

534 

.600 

61 

50.7 

.0235 

26.7 

74 

406 

1770 

1270 

82.8 

Resonance 

535 

.599 

' 61 

59.8 

.0277 

27.2 

74 

478 

1992 

1492 

84.3 

Resonance 

536 

.599 

61 

61.0 

.0283 

27.5 

74 

483 

1998 

1498 

83.0 

Resonance 

537 

.599 

61 

61.7 

.0286 

27.8 

74 

494 

1990 

1490 

81.7 

Resonance 

538 

.794 

01 

35-7 H 

.0125 

24.5 

74 

216 

1080 

560 

66.9 

a 

539 

.803 

81 

27.5 

.0095 

23.6 

75 

164 

875 

375 

56.0 


540 

.603 

81 

23.4 

.0081 

21.7 

75 

140 

775 

275 

47.9 


541 

.801 

81 

43,0 

.0149 

26.9 

75 

257 

1245 

745 

73.1 


542 

.801 

81 

43.0 

.0149 

27.5 

71 

357 

1265 

T65 

75.1 


543 

.803 

81 

52.5 

.0182 

26.2 

72 

314 

1455 

955 

78.1 


544 

.803 

81 

63.5 

.0220 

27.0 

72 

580 

1640 

1140 

78.5 


545 

.805 

81 

73.6 

.0254 

27.8 

72 

439 

1785 

1285 

77.8 


546 

.801 

81 

82.5“ 

,0286 

28.4 

72 

494 

1897 

1397 

76.1 


547 

.799 

81 

21.5 

.0318 

32.7 

72 

549 

1950 

1450 

71.7 


548 

.799 

61 

95.9 

.0333 

36.7 

72 

575 

1982 

1482 

7 Cl. 3 

Resonance 

549 

.799 

81 

100.2 

.0348 

42.2 

72 

601 

1898 

1398 

63-5 

Blow-out 

550 

.800 

81 

101.7 

.0353 

43.4 

72 

609 

1910* 

1410 

63.0 

Blow-out 

551 

1.004 

101 

41.6 

.0115 

25.7 

67 

199 

920 

420 

52.1 


552 

1.000 

101 

62.5 

.0174 

26.2 

67 

300 

1255 

755 

63.7 


553 

.990 

101 

77.2 

.0215 

26.9 

67 

371 

1495 

995 

69.5 


554 

1.002 

101 

22.8 

.0063 

23,5 

71 

109 

638 

138 . 

30.7 


555 

1.003 

101 

27 .5. 

.0076 

22,7 

71 

131 

682 

' 182 

33.7 


556 

1.000 

101 

33.4 

.0093 

24.8 

71 

.161 

768 

268 

40.8 


557 

1.001 

101 

39 .3 

.0109 

26.7 

TO 

138 

870 

3.70 

. 48.3 


558 

1.000 

101 

43.9 

.0122 

27.6 

69 

211 

962 

462 

54.2 


559 

1.002 

101 

49. Q 

.0136 

26.4 

70 

235 

1045 

545 

57.7 


560 

1.002 

101 

63.7 

.0149 

27.0 

70 

257 

1120 

620 

60.3 


561 

.999 

101 

60.0 

.0167 

27.2 

70 

288 

1230 

750 

64.0 


562 

1.000 

101 

66.8 

.0186 

27.5 

71 

321 

1545 

843 

67.1 


563 

1.000 

101 

72.4 

.0201 

27.7‘ 

71 

347 

1452 

932 

69.1 


564 

1.000 

101 

78.4 

- 02ia 

27.8 

- 71 

376 

1550 

1030 

71.1 


565 

1.000 

101 

84.6 

.0235 

29.2 

71 

406 

1625 

1125 

72.7 


566 

1 .000 

101 

88.9 

.0247 

31.7 

70 

426 

1660 

1160 

71.6 


567 

1.002 

101 

92*3 

.0256 

?4.7 . 

70 

442 

1660 

1188 

71.0 


566 

1.002 

101 

98. 6 

.0275 

39.8 

70 

471 

1750 

1230 

69.3 


569 

1.001 

101 

104*5 

.0290 

46.7 

70 

501 

1765 . 

1265 

67.5 


570 

1.000 

101 

110.3 

.0306 

52.9 

70 

528 

1777 

1277 

64.8 


571 

1.000 

101 

na.o 

.0328 

61.9 

70 

566 

1700 

1280 

60.8 

Blow-out 

572 

1.000 

101 

1X9.4 

.0332 

64.9 

72 

575 ‘ 

1785 

1285 

60.4 

Blow-out 

573 

1.300 

133 

47.8 

.0102 

27.0 

71 

176 

781 

281 

39.0 


574 

1.300 

133 

40.8 

.0087 

25.7 

71 

150 

722 

222 

36.0 


575 

1.302 : 

133 

54.4 

.0073 

25.3 

68 

126 

675 

175 

33.7 


576 

1,302 

133 

30.1 

.0064 

24.2 

68 

111 . 

632 

132 

28.9 


577 

1.302 

153 

56.6 

.0121 

27.2 

67 

209 

655 

355 

41.7 


578 

1.301 

133 

64.3 

.0137 

26.5 

67 

237 

925 

425 

44.4 


579 

1.300 

133 

72.4 

.0155 

27.4 

67 ‘ 

268 

10X0 

510 

47.5 


560 

1.299 ; 

153 

81.5 

.0174 

27.9 

67 

300 

1120 

620 

51.9 


581 

1.303 

133 

0Q.9 

.0172 

27.8 

74 

297 

1090 

590 

49.8 


582 

1.301 | 

133 

91.3 

.0195 

32.5 

75 

337 

1180 

680 

51.1 


583 

1.301 , 

133 

100.6 

.0215 

41.5 

75 

371 

1255 

755 

51.9 


584 

i.30i ; 

133 

106.5 

.0227 

47.8 

72 

392 

1350 

830 

54.4 


585 

1.302 | 

.153 

123.4 

.0263 

— 

73 

454 

1290 

790 

44.8 

[ Blow-out 
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TABLE II - PERFORMANCE BATA FROM 3 INGLE COMBUSTOR OPERATINO WITH SEVERAL HYBftOCAKBON FUEIS - 
fccmbuB tor -inlet total pressure, 14.3 inches mercury absolute! 


(e) Benzene - concluded. 



586 

0.601 

81 

17.9 

0.0083 

587 

.601 

81 

24-5 

.0113 

586 

.601 

81 " 

32.8 

.0152 

589 

.602 

61 

41.6 

.0192 

590 

.601 

81 

51.1 

.0236 

591 

.600 

61 

60.0 

.0278 

592 

.597 

81 

27.5 

.0128 

593 

.597 

81 

38.0 

.0177 

594 

.600 

81 

47.6 

.0221 

595 

.601 

61 

57.5 

.0266 

596 

.601 

81 

63.7 

.0294 

597 

.601 

81 

67.5 

.0312 

598 

.601 

81 

72.4 

.0335 

599 

.601 

81 

77.2 

.0357 

600 

.600 

81 

80.7 

-0374 

601 

.601 

81 

81.9 

.0378 

602 

.800 

107 

15.0 

.0052 

603 

.800 

107 

25-0 

-OG87 

604 

.800 

107 

35.8 

.0124 

605 

.800 

107 

46-6 

.0162 

606 

.800 

107 

55-5 

.0193 

607 

.800 

107 

66 -3 

.0230 

608 

.800 

107 

76-0 

-0264 

609 

.800 

107 

86.4 

.0300 

610 

.600 

107 

98.0 

.0340 

611 

.800 

107 

101.3 

.0352 

612 

1.002 

134 

28.2 

.0078 

613 

1.001 

154 

£0-5 

.0057 

614 

1.001 

134 

38.7 

-0107 

615 

1.001 

134 

48.8 

.0135 

616 

1.001 

134 

58.8 

.0163 

617 

'1.001 

134 

68.8 

.0191 

618 

1.001 

134 

78.1 

.0217 

619 

1.001 

134 

89.1 

-024T 

620 

1.001 

134 

99.3 

-0276 

621 

1.001 

134 

109.2 

.0303 

622 

1.001 

134 

120.4 

.0334 

623 

1.299 

178 

98.0 

.0210 

624 

1.300 

178 

108.9 

.0233 

625 

1.300 

178 

91.1 

.0195 

626 

1.300 

178 

81.9 

.0175 

627 

1.300 

178 

120.3 

.0258 

628 

1.300 

178 

65.0 

.0159 

629 

1.300 

178 

75.0 

.0160 

630 

1-302. 

178 

86.9 

.0185 

631 

1.299 

178 

100.1 

.0214 

632 

1.301 

178 

25.7 

.0055 

633 

1.300 

178 

35.1 

.0075 

634 

1.300 

178 

45.6 

.0097 

635 

1.300 

178 

58.0 

-0124 

636 

1.303 

178 

70.2 

-0150 

637 

1.303 

178 

82.4 

.0176 

638 

1-303 

178 

95.0 

.0203 

639 

1.303 

178 

105.8 

.0226 

640 

1.303 

178 

115.9 

.0247 

641 

1.303 

178 

128 -3 

.0274 

642 

1.303 

178 

131-6 

.0281 


Combustor -Inlet total temperature, 660 w 


Occasional resonance 
Resonance 


Resonance 

Resonance 

Resonance 

Resonance 

Blow-out 

Blow-out 

Blow-out 















Total -pres sure rake 
(section A-A) 


Iron -const ant an 
thermocouple 
(section B-B) 


Chramel -alumel 
thermocouples 
(section C-C) 


Figure 3. - Construction details of temperature- and pressure -measuring instruments. 
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Figure 4. - Comparison of nozzle pressure differential of two types of fuel nozzles 

at various values of fuel flow rates. 


DO 

U! 


KACA EM E52J03 


26 


NACA RM E52J03 


l?np 1 



CO 

03 

CD 

CO 


Piston. 


Fuel passage way 
leading to small 
flow tangential 
slots 


Swirl plate 


Orifice plate 


Figure 5. - Diagrammatic cross section of variable-area fuel nozzle 
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Exhaust-gas temperature/ °F 


Figure 6. - Chart used for computing enthalpy of leaner than stoichiometric combustion gases. 
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Heat input, Btu/lb air 
(a) Inlet-air temperature, 200° F. 

Figure 7. - Variation of average combustor temperature riae and combustion efficiency yith. 
heat Input for four values of inlet-air ness flow. Fuel, ieooctaae. 
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fb) Inlet-air temperature, i0° 7 . 


Figure 8, - Concluded. Variation of average oombustor temperature rise and combustion efficiency vlth 
beat input for four values of inlet-air mass flow. Fuel, cyclohexane. 
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Average coubuator taaperuture rise 



Heat Input, Btu/lb air 
(a) Inlet-air temperature, 200° P. 


Figure 9. - 'fariawjcn of average coatou atofc- tanpemt ure rlac km ^cnfcuetlon efficiency with bee* iciwt 
for four value* of Inlet- air cau flow. Fuel, MthylGynloheacane. 
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(a) Inlet-air temperature, 200° F. 

i : ! • i ■ ■ ! 

Figure 10* - Variation df average* ecakurtor temperature rlee anA oontouetion efficiency “vith heat 
Input for four values of inlet- air bobs flov. Fuel, n-beptane. 
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Heat input, Btu/Ub air 


(b) Inlet- air temperature, iO° f. 


Figure 10, - Concluded. Variation of average coabuetor tarperatura rirv* and oonJmation 
efficiency with boat input for four values of inlet-air Base flow. Fuel, n- heptane. 
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(b) Inlet-air temperature, 40° F. 


Pigure 11. - Concluded. Variation of arc rage combuitor temperature rlie and coabuation efficiency 
with beat input for four value ■ of inlet-air iui flow. Puel, ben Rene. 
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Combustion efficiency at heat-input value of 325 Bt.u/lb air, percent 
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(b) Inlet-air temperature , 40° F. 

Figure 13. - Variation of combustion efficiency at heat- 
input value of 325 Btu per pound of air with inlet-air 
mass flow and inlet-air temperature for five hydrocarbon 
fuels . 
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Figure 14. - Variation of combustion efficiency at 
temperature rise of 830° F with inlet-air mass flow 
and inlet-air. temperature for five hydrocarbon fuels . 
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Maximum burning velocity, cm/eec 

(b) Inlet-air temperature, 40° F. 

Figure 15* - Variation of maximum combustor temperature 
rise with maximum burning velocity and inlet-air mass 
flow for two inlet-air temperatures. 
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(b) Inlet-air temperature, 40° F. 

Figure 16. - Variation of combustion efficiency at 

heat -input value of 325 Btu per pound of; air. with maxi- 
mum burning velocity and inlet -air mass flow for two 
inlet-air temperatures.. 











